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stalling satisfactory foundations for the 
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asy S (PSON entered engineering work with 
“he Mict ) State Highway Department and 
192 has been engaged exclusively in 
transportation engineering He is 
of the Institute of Traffic Engi- 
year's nominee for president. He 
ntified with numerous organizations 
highway traffic and safety 


uve J KERMAN (University of Wisconsin, 
i broad design and construction ex- 
i rgely on dams and power plants, 
‘+ Stone and Webster, Aluminum Company 
r ric t Madden Dam (in charge of plant 
contractor's engineering), and with 
struction plant rea His pres- 
n dates from 193 


CHANDLER, after some years in 
engineering work, following gradua- 
rown University, became connected 
fiami Conservancy District. Then 
years of construction work (princi- 
iro developments) and a period as 
er for the Chattanooga Flood Pro- 
» [strict and as principal engineering 
ot to the chief consulting engineer, TVA. 
js now chief construction engineer with 
say and Neuffer. 


HatteTt was with the Indiana State High- 

mmission for more than 20 years, in- 

twelve as assistant chief engineer and 

rafic engineer. Since April 1939 he 

with the Portland Cement Association 

ial investigation of concrete pavements in 
State 


ves (University of Kansas, 1907) became a 
of the firm of Myers and Noyes in 1912 
ractice has included a variety of irriga- 
lamation, and municipal engineering 
He is now serving as Vice-President 


e Society 


« E. WUERPEIL began specializing in con- 
, 1929, when put in charge of concrete 
ction on Bonnet Carré Spillway His 
oncrete experience has been with the 
Engineer Department, and has included 

rtant assignments on the New Harvey Lock 

» Orleans, on Lock No. 26 at Alton, IIL, 

it Passamaquoddy 


cere R. Youne (University of Idaho, 1908) 

red the Bureau of Reclamation in 1911 as 

tant engineer on Arrowrock Dam, and since 

is been continuously engaged on investiga- 

gn, or construction of some of its largest 

He went to the Central Valley Project 

Boulder Dam, where he was in charge of 
ruction from 1930 to 1935. 


N. KARRICK was a mining engineer who 

t overseas as an emergency engineer officer in 

7 After the War he was commissioned cap- 

wps of Engineers. He was fora time 

Area Engineer of the Third Corps Area, 

had assignments in Baltimore and 

ippines. He has just been promoted to 
rank of major 


LBURN became construction plant engi- 
for rv 4 in 1937, after three years as assist- 
nstruction plant engineer. He went to 


ng on steam and hydro power plants 


Ernst (B.S., University of Michigan, 

M.S., lowa State College, 1932) has been 

wademic work since 1930—teaching and 

nent station research at lowa State College 

the University of oe His present 
n dates from 193 


Bover (University of Colorado, 1928) has 
with the Water Resources Branch of the 
ical Survey since graduation. From 


-s to 1937 he conducted water-resources in- 
Ugations in the northwestern and Great 
areas. He was then transferred to 


D. C., and appointed assistant to 
f the Section of Reports of the Water 
s Branch 
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COMPLETED! 
World’s 4th Longest Suspended Span 


—The Bronx-Whitestone Bridge 


Above -The 2300-/t. main span of the Bronx- 
Whitestone suspension unit ranks the world’s 4th 
longest, and provides a navigation clearance of 150 
it. Each side span is 735 ft. long. The continuous I 
plate-girder Bronx Approach is 1430 ft. long, the 
VOueens Approach 1030 ft. The towers rise 377 
above water and carry 21 3-in. dia. wire cables 
spaced 74 ft. om centers. Cable wire and pre- 
stressed two-part wire rope suspenders were legislat: 
manufactured by American Steel & Wire Co. egisia 
nstitt 
Below Placing Carnegie-lllinois 1-Beam-Lok 
4', inch grid reinjorcement for dual-road ways, each such a 
roadway 27', {t. wide with §-{t. 8-in sidewalks. inced 
Built for Triborough Bridge Authority, Robert taxatiol 
Woses, Chairman; O. H. Ammann, Chi. Ener.; 
S. Moisseiff, Consulting Engr. on design; 
VWidigan-H yland Consulting and Supervising n l 
Eners.; Avmar Embury, Archt Nai 
i] d 
Tax Ci 
reated 
HE Bronx-Whitestone bridge, finished roadway and lighting system, Taxe: 
spanning the East River, is the was under contract to Ame: te the 
key structure in a 5-mile express high- Bridge Company. Geared to perhaps umbli 
way connecting the Hutchinson River the fastest construction schedul vers 
Parkway with Long Island’s high- attempted on a large-scale engineering = & 
‘ ‘ uctio 
speed traffic network. It constitutes project, the work was actually com- , 
one of the most important links in pleted in 18 months — one month — 
the Circumferential Parkway system ahead of contractual obligations da 
which, eventually, will completely This construction performance offers ae 
girdle New York City. For travelers striking evidence of the fact that, re- 2 ani 
between the New England states and gardless of the size of the operation, eived j 
the New York World’s Fair on Long when time is short and the utmost ed fi 
Island, it affords a traffic by-pass skirt- speed is essential to meet the exacting nstruc 
ing New York City and saving a dis- need of ON TIME fabrication ané — 
. ) mi 
tance of some 8 miles. erection, you can count on America 
[he entire 114 mile bridge super- Bridge Company’s facilities and pet shicte 
structure, ready for service even to the sonnel to adequately deliver. S. Su 
mmer 
— General Offices: Frick Building, Pittsburgh, Pa. “e 
Baltimore Boston Chicago Cincinnati + Cleveland + Denver Detroit th 
} Duluth + Minneapolis New York Philadelphia St. Louis 
Columbia Steel. Company, San Francisco, Pacific Coast Distributors United States Steel Products Company, New York, Export Distriwer’ emed 
he stat 
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Is Diversion a Menace or a Myth? 


By Hawley 


S. SIMPSON 


MeEMBER AMERICAN Society or Civit ENGINEERS 
RESEARCH ENGINEER, AMERICAN TRANSIT ASSOCIATION, New York, N.Y. 


URRENT propaganda against the evils of di- 

verting special highway revenues for other than 

highway purposes, culminating in restraining 
legislation by the federal government and prohibitory 
nstitutional amendments in several states, has reached 
such a pass that the average motorist has become con- 
inced he is being subjected to highly discriminatory 
taxation. In view of the widespread agitation against 
liversion, fostered by those who believe that it is a na- 
tional menace, it is startling to find such a coldly analyti- 

i) document as the 1937 report of the New York State 
fax Commission stating that “diversion is a myth, 
reated by the unfair use of statistics... .’ 

Taxes for Highways Only2~In attempting to sepa- 
rate the chaff from the wheat of this argument, the first 
stumbling block is to find an accepted definition of 
liversion In general the word is taken to mean using 
tate gasoline tax revenues for purposes other than con- 
struction and maintenance of state highway systems, 
rural roads, and city streets, and such related functions 
8 policing state highways. More broadly applied, it 
relers to such other uses of any special motor vehicle 
taxes, whether state or federal. Speaking historically, 
the avowed purpose of the first state gasoline tax, con- 
eived in Oregon in 1919, was to supplement funds de- 
rived from general taxation for street and highway 

‘struction and maintenance. In short, gasoline tax 
revenues were to be devoted solely to highway purposes. 

lo make the arguments against diversion valid, it must 

e assume d that these revenues, and other special motor 
nm nicl taxes, are sacred to the use of highways. But the 

5. Supreme Court does not concur in this view. When 
‘was charged that a Georgia special tax violated the 

mmerce clause of the Constitution in that the tax 
‘vied on the plaintiff company was used solely on the 
ural postal roads, over which the company did not oper- 
ite, the Court held that: “The exaction is not to be 
“ccmed offcnisive to the commerce clause merely because 
lle state, ‘» the conduct of its fiscal affairs, chooses to 
ll of the proceeds for purposes other than 
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the construction, improvement, or maintenance of its 
highways.” 

That there has been a substantial! diversion of state 
motor vehicle tax revenues cannot be questioned. As 
states began to realize that here was an easily tapped 
source of funds for financing essential state functions 
other than highways, the practice increased until in 1937 
over 160 million dollars was diverted. This represented 
14 per cent of all state gasoline taxes, registration fees, 
and special motor taxes, after deducting administrative 
expenses. 

Expenditures vs. Costs.~Since one-fourth of this 
sum was diverted in New York State, on what grounds 
can the State Tax Commission claim that diversion is a 
“myth? To support its case, the Commission shows 
that total special automobile taxes collected by the state 
and federal government in New York for the period 
1929-1937 amounted to 860 million dollars. This the 
Commission compares with the 1,600 million dollar ex- 
penditures for all streets and highways in the state over 
the same period. Hence its conclusion that ‘“‘motorists 
have received nearly $2 for every $1 contributed by 
them,’ and so “‘diversion is a myth.” 

Above the quibble over definitions, the real issue is: 
Are motor vehicles now paying their fair share of street 
and highway costs, plus an equitable contribution to the 
general costs of government? In 1937 special taxes 
levied upon the motorist directly and indirectly, after 
deducting known administrative costs, totaled about 
1,500 million dollars—1,153 million dollars by the states 
and 345 million by the federal government. In the same 
year, estimated expenditures for all city street and rural 
highway construction, maintenance, and bond service 
totaled 2,170 million dollars. 

The question now arises as to whether these out-of- 
pocket expenditures represent true ‘‘costs.’’ Since state 
and federal accounting merely compares capital inflow 
and outflow, true ‘‘costs’’ will be higher than annual ex- 
penditures if we use up our highways faster than we pay 
for them. The reverse will be the case if we build faster 
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than we wear them out. In the long run the two sums 
must be equal. Hence, for the present purpose it is suf- 
ficient to consider highway expenditures as “‘costs.”’ 

To Find Fair Distribution.~All who have studied 
this problem agree that general taxation should bear a 
portion of street and highway costs, yet there is no una- 
nimity of opinion as to how to reach an equitable 
distribution. The Oregon State Highway Commission, 
after a comprehensive survey, concluded that user 
taxes in that state should approximate 43.5 per cent of 
total street and highway expenditures, while a railroad 
report estimates that, for the period 1921-1932, motor- 
ists in the United States should have paid 75.6 per cent 
of such costs. These are the two extremes; estimates 
by others fall between these figures. Applying the un- 
derlying data on which these percentages are based to 
the year 1937, the Oregon estimate (not intended for na- 
tional application) indicates that the motorist was 
overcharged about 525 million, while the railroad report 
shows a subsidy to the motorist of about 220 million. 

Examining the railroad figures further, it is found that 
the part of highway costs which it is claimed should be 
borne by others than users, is identical with per capita 
street and highway costs in 1904, before the automobile 
influence. These amounts are $1 per capita for rural 
highways and $4.20 per capita of urban population for 
city streets. Expenditures beyond these figures, the 
authors of the report conclude, were incurred exclusively 
on behalf of motor vehicles and should be met out of 
special motor imposts. 

‘Motorist Now Pays Fair Share.~It is proper to 
question whether this is a sound basis for calculation. 
Standards of living have increased measurably since 
1904. Would the public now be satisfied with the mud 
roads of 35 years ago? Nothing else that was acceptable 
to us in 1904 finds much favor today. Furthermore, 
highway construction costs have risen greatly in this 
period; thus the highway dollar today buys less com- 
parable roadway than at the turn of the century. So 
we may reasonably expect that the public now would be 
willing, and would have to spend per capita many more 
present-day dollars than in 1904 to provide a satisfactory 
street and highway system even if there were no automo- 
biles. If we assume a per capita expenditure even 
twice that in 1904, general taxation for highway purposes 
should have contributed in 1937 about 820 million dollars. 
The motorist’s fair share of 1937 expenditures would 
then have been about 1,350 million. This is about 150 
million dollars less than the total of special motor vehicle 
imposts in that year. 

Apparently, then, the motorist is being neither un- 
fairly treated nor subsidized. It cannot be said, on the 
basis of data available, that he has failed to pay approxi- 
mately all, if not more than all, of street and highway 
construction and maintenance costs that are fairly 
chargeable to the users. 

Autos Contribute to General Governmental Cosis.~ 
In the nation-wide investigation of automobile taxa 
tion conducted by the Bureau of Public Roads for 
1932, it was shown that 17 states exempted motor 
vehicles entirely from taxation as personal property. 
About 46 per cent of all vehicles in the country were 
registered in those states. Of the remainder, nominally 
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subject to taxation, only 60 per cent actually 
on the tax rolls and paid about 36 million 
Obviously, then, motor vehicles are not be 
proportionate share of the general cost of governm:», 
through direct taxation as property. However if, a: », 
believe, special taxation in other forms totals more tha 
the motorists’ equitable share of highway costs 
deficiency in this regard is of no great significance. 


Subsidies Once Justified.~It becomes obvious, then 
that diversion is indeed a myth in the sense that 4 
automobile user is not being greatly overtaxed, and ¢), 
arguments of those who set up this straw man seem », 
have little validity. If the motor vehicle is not payit 
more than its proper share of highway and governmen:,) 
expenditures, and so long as state and city highway pr 
grams are formulated on sound economic bases, jt ints ere 
little whether taxes are earmarked for special PUFPoses or 
wholly diverted to the general fund. 

This is not to say that in the past there have not bee: 
substantial subsidies through general taxation for tly 
benefit of motor transportation. Admittedly there hay, 
been, but this is now water over the dam. In this r 
spect the automobile is not alone, for no important form 
of transportation has grown to maturity without govern 
mental subsidy. In the present instance the public de 
manded better roads and was willing to pay for them 
without giving too much consideration to where the 
money came from. Of much more importance thay 
propaganda against diversion, which has been success{y| 
only in directing public attention to a controversial issue 
without offering any constructive solution, is the matter 
of a more scientific and continuing determination of 
highway benefits and a proper allocation of costs to 
benefited groups. 

Financing the Highway Program.~Without question 
there are inequalities in the present motor vehicle tax 
structure, certain classes being overtaxed and others 
undertaxed. Similarly, inequalities exist in i 


appeared 
1 taxes 
iTing their 


the dis- 
tribution of taxes between users and others in various 
jurisdictions. Their adjustment is a real problem, t 
which those interested in sound highway policies, and 
engineers in particular, should direct attention so that 
the matter can be taken out of the realm of emotional 
controversy and legislative maneuvering and given the 
technical attention it deserves. Allied to this is the im- 
portance of carrying forward the development of 4 
proper highway system equitably planned and at a total 
cost to the public commensurate with its value. 

One important danger in the narrow viewpoint of the 
anti-diversionist is often overlooked. Through pro 
hibitory constitutional amendments and otherwise, 3 
false impression has been conveyed that motor vehici 
imposts are fully adequate to meet all street and highwa\ 
costs. What, then, is to prevent the passage 0! ™ 
taliatory amendments prohibiting the use of any tx 
other than those levied on the motor vehicle, for ste 
and highway purposes? Should this occur, untold dam 
age would be done to highway systems and to the mot* 
transportation industry; either construction and main 
tenance would be greatly handicapped or special 
tion would have to be increased. Continuation 0! F this 
dangerous campaign against so-called “diversion 
easily become a two-edged sword cutting both ways. 
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«a0 f® Engineering Training for the Construction Field 
paying 
Tmenta Present Opportunities for the Civil Engineer and Means of Improving Them 
pr 
t matters By Avovpxu J. ACKERMAN 
ITposes or AssociATE AMERICAN Society or Civit ENGINEERS 
DevELoPMENT ENGINEER, Dravo CorporRATION, PirrsspurGH, Pa. 
not bee 
= os ODAY the trend in the con- HERE is greater need today than a manufacturer can immediately af- 
rere have struction industry is definitely ever before, says Mr. Ackerman, ford to install a labor-saving ma- 
1 this re toward a more scientific ap- for technically trained men in the con- chine with a machine cost of $12 
ant lorm proach. The planning of a con-_ struction industry. There are also and a labor cost of $11, or even less, 
t govern- struction program is no longer left ‘‘ample indications’ that that industry and competitive conditions will 
wublic de to the quick judgment and instinct 1s not employing as many engineers as forcehimtodoso. After this the 26 
for them {the former “rule-of-thumb” type 1 could use to advantage, and much _ per cent reduction in labor time is 
here the feconstruction superintendent; itis meeds to be done to sell it on the value of _ permanently lost. 
nce than becoming, instead, amatterof precise technical assistance. Mr. Ackerman This reduction in labor, in turn, 
uuccessful gineering analysis. At the same here outlines the ‘“‘basic enterprises of is bound to react unfavorably with 
sia! issue time, new and larger equipment is constr::ction’”’ served by the engineer, and respect to general employment, thus 
ee ustantly being developed which is offers valuable suggestions for broaden- adding to the first problem unless 
— pening oppertunities for the con- ing the opportunities. This paper was counteracting influences are devel- 
vation struction of projects that would have on the program of the Society for the oped in the form of new opportuni- 
Costs to been infeasible only a decade or two Promotion of Engineering Education at ties and new fields of enterprise. 
ago. Inconsequence thereisgreater its annual convention in June 1939. During this period of great 
question need today than ever before for the change which we are now experi- 
hicle tax employment of technically trained men in the construc-  encing, construction activity has by and large been the 
d others tion industry. It is the objective of this paper both to expedient used to alleviate unemployment conditions, 
the de point out the possibilities for engineers in this field, and and in many cases the kind of construction has been of 
poe to suggest means whereby they might be still further secondary importance, just so long as it was construc- 
_ enlarged. tion. Too much of it has been an ‘‘expedient’’ rather 
blem, Without seeking to discuss here the ‘‘state of the than the ‘“‘means to an end.”’ Levees, flood walls, flood 
ies, a nation,” a brief generalizing of present conditions, asthey control dams, and public buildings have been con- 
| so that allect construction, seems in order. During the past structed in great numbers—but what is needed is more of 
motional lew years we have experienced some very fundamental _ the productive type of construction that will result in new 
iven the hanges in our national economy. First, we are gradu- means of livelihood and new opportunities for the in- 
s the im ally realizing that ‘‘unemploy ment”’ is being recognized habitants of a region. In recent years there have also 
nt of 2 as a permanent institution for which our government has been, of course, outstanding examples of this type of 
it a total assumed the relief burden. The second fundamental construction. For example, the All-American Canal in 
hange is the general unionizing of labor, which has been California, requiring the excavation of about 65,000,000 
at of the accomplished in part by new ; forms of legislation and in cu yd of earth, will provide permanent irrigation to some 
a part by the inducement of securing higher wages through 1,000,000 acres of land and will eventually provide a 
gh pr rganized effort. A third fundamental change, largely — self-sustaining form of agricultural activity in the place 
—” an outgrowth of the second, is a new trend in mechaniza- of a hopeless lack of opportunity from submarginal land. 
r vehuci 1 ata very high rate and, at present, not fully recog- Such new developments can be achieved to an increasing 
highwa' nzed. This mechanization is the inevitable result of an extent only as the costs of construction are brought 
e of re arbi trary and heavy increase in the scale of wages, which down. 
iy taxes ias upset the delicate balance between machine produc- Much has been said of late of the need for, and the 
or street = costs sand labor costs. In consequence a new ratio possibilities in, a large program of low-cost housing. 
Jd dam etween these two costs becomes economically feasible The general principles of such a program apply also to 
‘e motor an es (s in the introduction of new mechanical meth- all other fields of construction; namely, as the costs of 
pe oo a corresponding reduction in necessary labor. construction are brought down in a given’ field, the 
os co ae imple, in the case of a product formerly having a volume of such work goes up rapidly. Statistics com- 
F hi achine time cost of $10 and a labor time cost of $10, piled by the U. S. Bureau of Public Roads readily dem- 
1 of t — let us assume that a new wage scale makes the labor cost onstrate this point. The average unit price bid on 
afibes *!o. Instead of operating at a new total cost of $25, excavation in 1938 was 45.7 per cent of that bid in 1923, 
ys 
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even though the wages paid for 
common labor were 47.4 per cent 
higher in 1938 than in 1923, and the 
quality of work demanded today is 
considerably higher. This is largely 
due to the use of better equipment and 
more scientific management, or, in 
other words, the increased produc- 
tivity per man. Where in 1920 one 
man with a four-horse team and 
yd Fresno could haul earth a distance 
of 400 ft at the rate of 4 yd per hr, 
today one man with a tractor and a 
|.3-yd scraper can move earth the same 
distance at the rate of 115 yd per hr. 
This increased productivity per 
man also means that lower costs are 
making economically feasible new 
projects that were considered fantastic 
dreams a few decades ago. Here 
again the All-American Canal pro- 
vides a good example. The vast 


amount of equipment and teams 
needed to perform the work, and the 
high cost of doing the job, at one 
time seemed insurmountable, but the construction in- 
dustry contributed to making this canal a reality by 
developing its earth-moving technique to a point where, 
with a relatively small number of men and with machines 
of tremendous proportions, it was possible to dig the 
canal at an average cost of 10 cents per cu yd, whereas 
about 20 years ago the standard price for such work was 
considered 35 cents per cu yd. 

As previously stated, the construction industry is 
confronted with a challenge to help advance the feasi- 
bility of new sources of productive enterprise and op- 
portunity, such as irrigation projects, power develop- 
ments, drilling and mining projects, new railroad and 
waterway facilities, factory buildings of all types, and 
similar enterprises. The need for new construction and 
employment opportunities, through lower costs and new 
methods, also applies of course to such basic enterprises 
as the construction of cross-country superhighways, the 
building of subways and tunnels, realinement of rail- 
roads, and the extensive reconstruction of cities to meet 
the traffic demands of tomorrow. 


TRACTING ARE 


HOW THE ENGINEER SERVES CONSTRUCTION 


In all these activities the engineer plays an important 
part because technical knowledge and skill are funda- 
mental necessities. The basic enterprises of construc- 
tion served by the engineer may be briefly enumerated 
as follows: 


Contracting and building 

Equipment and machinery manufacture 

Selling of construction machinery and services 
Supervision of construction for technical adequacy 
Supervision of ‘Public Work"’ and ‘Relief’ construction 
Education and training of qualified personnel 


A brief recital of past procedures in construction is of 
interest in considering the present trend and future 
possibilities. In the so-called ‘“‘heyday’’ of contracting, 
most contractors had personal contacts, or a clientele, 
and secured their jobs on the basis of cost estimates that 
were liberal enough to assure completion by one way or 
another. The superintendent on the job was a king in 
his own right, who frequently determined to build the 
job in his own way, with all the temperamental stubborn- 


STRUCTURAL AND MECHANICAL ENGINEER- 
amount of earth to be moved, the large jxg Pprostems ENcounrereD 1n Con- hold, and today we find that a job o/ 


TYPIFIED BY Tus CABLE- 
WAY TOWER AND STEEL TRESTLE RUNWAY 


and animals. 
to building a job with derricks ; 
would have plenty of derricks stand 
ing around. If his background had 
been developed on cableway jobs 4, 
would want to do everything yi, 
cableways. If he wasa dragline man 
the only way excavation could be don 
would be by dragline. 

As the larger and more complex 
construction operations came Into the 
picture, he began to depend on th 
engineer to design suitable equipment 
and methods best fitted for the i: 
and for developing a higher degree 
planning with well-defined step-by 
step procedures. After the Wor 
War, factory methods of constructioy 
and control of operation began to tak: 


any importance is carefully plann 
in great detail. Excavation opera 
tions are worked out on models and 
studies made with different classes of equipment to assur: 
the most economical procedure; handling of rivers or 
other hydraulic problems are planned in advance 
models; equipment selection is made after a careful sur 
vey of all available types, and frequently it becomes neces 
sary to design new equipment of a type not on the market 
because a careful engineering analysis has disclosed , 
cheaper and better way to do the job. 


ENGINEERING ECONOMICS IN PLANT DESIGN 


Construction operations are largely electrified, and the 
planning of a power system and suitable controls and 
interlocks between operations is often a major piec 
of engineering. The modern construction superi 
tendent is alert to the necessity for having competent 
technical advice in the selection of safe equipment and o! 
adequate capacity; correct selection is no longer a ques 
tion of snap judgment. Many new types of equipment 
employ special alloys, improved types of welded con 
struction, and metallurgical developments which must 
be properly related to the work in hand, and the engineer 
must be able to judge the merits of such features and 
to make improvements as the work progresses. It lias 
become well recognized that a great many large construc 
tion operations can be done more economically pr 
vided enough money has been spent at the start on the 
equipment and construction plant. The first cost oi 
equipment is generally a small proportion of the runnmg 
costs of operation, maintenance, and repairs. A 00),()"' 
shovel may do $500,000 worth of work. The purchase 0! 
a $60,000 shovel with better mechanical roxy and 
metallurgical features may readily prove a wiser in 
ment, whereas the purchase of a $40,000 shovel, while 
apparent economy at the start, may require a greater 
amount of repair and maintenance work, with consequ 
greater outage time, all tending to eat up most of t 
profit. 

This same basic principle must be considered for ever) 
operation on a job, and the determination of a prope 
balance is a complex engineering problem which must 
correctly solved at the start, lest the job be a failur 
Once an unsuitable type of construction plant — 
erected, it usually costs more to change or replace 't' 
to complete the operation on an uneconomical basis. 
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large plant is erected or installed, the training 


; o ruction personnel to operate it is frequently the 
ib of technically trained man. 
IMPORTANCE OF COST CONTROL WORK 

During the period of construction there are opportuni- 
ries for technically trained men to carry on cost control 
servations that will pay large dividends. Engineering 
oct keeping is not intended for developing historical 
-ecords, but for analyzing in detail the cost make-up of 
various current operations and just where improvements 
can be made; this requires close contact with the work, 


understanding of job requirements, and ingenuity 
» finding improvements. Such analyses apply also to 
timekeeping of construction equipment, just as has been 
oracticed for years in timekeeping of employees. This 
“an be very productive because, while an employee's 
time may be worth only $8 or $10 per day, a large con- 
struction machine may cost $50 or $100 per day, and 
economies and improvements in operation are corre- 
spondingly greater. 
The technically trained man can introduce various 
types of recording meters of the type employed for years 
in power stations or manufacturing plants. For ex 
ample, such meters are now used for accurately recording 
the quality of the concrete coming out of a mixer, or for 
recording the productivity of various types of crushing 
equipment so that the metallurgy of important wearing 
parts can be improved as the need arises. The per- 
formance of all types of transporting equipment can be 
measured by recording apparatus, and operating cycles 
made up on the most economical basis. Recordings of 
electric power consumption of entire construction opera- 
tions will disclose, among other things, where drills, 
mpressors, or other equipment are being shut down too 
early for lunch or started fifteen or twenty minutes after 
lunch. All these recording devices provide important 
means for maintaining a job control, provided they are 
subjected to intelligent analysis. 

Another field of activity which the technically trained 
man can enlarge to advantage is in 
the detailed measuring of recurring 
cycles of operations, such as haul- 
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are here to stay, and the sooner an intelligent understand- 
ing on the part of employers, and a qualified type of leader- 
ship on the part of labor become more general, the quicker 
a stable relationship will follow. With this in mind, it 
would be highly desirable for undergraduate engineers and 
young graduates to experience some of the problems 
of labor. It is begging the questien to contend that it is 
beyond professional dignity to participate in labor organi- 
zations and in collective bargaining. While this may be 
so in professional work, nevertheless every supervising 
engineer is confronted with the problem of dealing with 
organized groups, and he can do this more effectively if 
he, himself, has experienced the promoting, organizing, 
collective bargaining, and electing which now, to a large 
extent, dictate the future of a workingman’s life. The 
apprentice engineer who takes an interest in these activi- 
ties and works at a trade for a year or so can, by virtue of 
his education and training, make some valuable contribu- 
tions toward a sound labor policy, and at the same time 
gain experiences of inestimable value to him in later 
years. 
WIDE OPPORTUNITIES FOR DEVELOPING NEW TOOLS 


Hand in hand with the advances in construction opera- 
tions and methods is the improvement of construction 
equipment and the development of new devices. Equip- 
ment in the construction field becomes obsolete at a very 
fast rate, and redesign is almost a daily occurrence. 
Furthermore, the pioneering advances in equipment de- 
sign which made feasible such projects as the All-American 
Canal are bound to have a marked influence on the eco- 
nomic feasibility of many future enterprises. New alloys 
and new metals will improve the life of equipment and 
double their speeds of operations. Here is a field for 
the ingenious and inventive type of engineer who can 
combine design ability with a practical approach. 

There are wide opportunities for developing new con- 
struction tools and methods. In the drilling of rock, for 
example, much has been accomplished in developing 
higher speeds and lower costs, yet some are claiming 
now that unheard-of speeds will 
eventually be developed by the use 
of piercing, high-temperature flames. 
On the other hand, some very crude 


ing, drilling, or form handling, by re- 
cording actual performance and de- 
termining where a rearrangement of 
equipment will result in a more eco- 
nomical procedure. The supervising 
foreman or superintendent cannot 
aflord the time for such detailed at- 


procedures are still in use today be- 
cause no better methods have been 
developed. For example, in excavat- 
ing a deep shaft into rock, the method 
of muckingout the rock is no different 
from that employed in the Middle 


* 


tention. It is surprising how little is 
known about the ability and per- 


Ages; namely, a man stoops down 
and picks up the rock and puts it into 
abucket. Nobody has succeeded in 


lormance of construction equipment, 
and the judicious use of carefully 
secured operating data offers wide- 
spread opportunities for improve- 


developing 2 device for improving 
this back-breaking operation. 
There has been very little done in 


ment. Such observers must have 
good judgment, an understanding of 
management problems, and con- 
siderable diplomacy in dealing with 


the field of merchandising construc- 
tion services, and some important 
opportunities may be developed in 
this respect. The industry is con- 


the workmen under observation. 
lhe engineer also has an oppor- 
tunity to play an important part in 


fronted with the most severe type of 
competition because there is a general 
attitude that almost anyone can 


] 

abor relations. We have had ample 
evidence of late of the importance 
of keeping enterprises on a produc- 


tive basis, and that can only be done 
it labor relations are on a sound and 
} 

‘air bas Unquestionably, organ- 


. 
wed labor and collective bargaining 


PRECISE CONTROL OF CONCRETE PRODUC- 
TION CALLS FOR ENGINEERING SKILL 
The Automatic Graphic Recorder Shown 
Here Was Used at the Central Mixing 
Plant on the Marshall Ford Dam to Record 
Rate of Output, Weights of Raw Materials, 
Consistency of Concrete, and Related Data 


undertake construction work. When 
new work is under consideration, 
many individuals cr agencies are dis- 
posed to employ their own superin- 
tendent and construction organiza- 
tion. This heavy competition from 
day-labor work by governmental 
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and other agencies has prevented the construction indus- 
try from maintaining a stable basis and protecting its 
economic status. Efforts to improve this situation must 
be supplemented by intelligent readjustments within the 
industry, but in any case there is a large amount of 
work to be done in this general field. 

In the field of merchandising construction equipment, 
important new opportunities are developing. Many 
equipment manufacturers have local sales representation, 
and one sales representative may serve eight or ten dif- 
ferent manufacturers. The highly technical develop- 
ments that have occurred in recent years have, in many 
cases, prevented such representatives from keeping up 
with progress, and their function has reverted to notifying 
the manufacturers when a new job is coming up so that 
they can send their factory experts to confer with prospec- 
tive customers. If sales representatives were able to 
furnish competent technical advice on short notice to 
their local customers, their usefulness would be very much 
more effective. There is considerable opportunity for 
alert young engineers to get into this field to supplement 
the business skill of the representatives with adequate 
technical information gained from intensive contact with 
construction and manufacturing activities. 

The engineer-designer of a project can help to advance 
the art of construction if he makes it his business to 
understand the limitations under which construction 
equipment operates, as well as its possibilities of per- 
formance. If he familiarizes himself with the practical 
solution of a problem, and participates in the develop- 
ment of new equipment for a project, he can often help 
to raise the general level of accomplishment. 

All too often there is an attitude that engineers are too 
theoretical and not practical minded, and this view is 
held with arbitrary generalization by many contractors. 
Some designers seem to display a serene confidence in the 
ability of the field man to employ ‘‘sky hooks,’’ and to do 
things in an impossible sequence, or within space limita- 
tions entirely out of reason; when in addition to this the 
field engineering and inspection is founded on an arbi- 
trary adherence to drawings and specifications, regardless 
of the dictates of good judgment, it is understandable 
why some contractors have been disposed to question the 
usefulness of engineers in their own businesses. (Room 
for improvement here is of course not limited to one side.) 


DIFFICULTIES OF THE YOUNG INSPECTOR 


One of the difficulties with much construction inspec- 
tion is that frequently inexperienced young engineers, 
without suitable training for the work, are given assign- 
ments of supervising and inspecting important construc- 
tion operations. They are expected to read the specifica- 
tions and to see to it that the contractor performs ac- 
cordingly. Sound judgment, which would help to pro- 
mote a better job and better feeling and confidence among 
the various parties, is missing in too many cases. Most 
young inspectors are not trained to realize the im- 
portant responsibilities that rest on their shoulders. 
In consequence, their failure to act at critical moments 
results in many things being left undone—and there is 
no means of evaluating the consequences of such inaction. 
The subjects of supervision and contract administration 
deserve further attention in engineering training. 

If we are prepared to accept the principle that in the 
future a certain percentage of our population will be on 
‘relief’ rolls, and will be assigned to “relief’’ construc- 
tion projects under the supervision of publicly employed 
engineers, then a logical corollary to that principle dic- 
tates the need for a new type of supervisory personnel 
for such work. As already stated, most “‘relief’’ work is 
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now an expedient. There is no future in it and no indy 
ment to stimulate a high standard of performang 
Some projects have been observed where the outlook ,; 
the men was no better than that of a chain gang 

In the future, intelligent supervision of “‘relie?” work 
must include an understanding type of leadership whic, 
is designed to rehabilitate the workers, develop a ney 
outlook for them, and train them in some trades or higher 
degree of skill to widen their usefulness for other gainjy 
enterprises. 


CONSTRUCTION COURSES IN ENGINEERING SCHOOLS 


To round out the needs of the construction industry 
there is also the all-important function of education, 
institutions in developing competent engineering an; 
supervisory personnel (and here the trade schools als 
deserve mention). In many engineering curricula thy 
so-called ‘‘construction subjects’ are only a gentle jp 
troduction to the field. If an effort were made to & 
velop an engineering course devoted to the field ¢ 
construction, the following subjects are suggested ; 
addition to those common to the various branches , 
civil engineering: 

Accounting and cost keeping 
Equipment design 
Measuring equipment perform 


Job management 
Bonding and financing 
Estimating and job planning 


Contract law ance 
Labor iclations and laws Concrete and aggregate pr 
Ethics duction and handling 
Personnel training and welfare Earth and rock handling 
Safety Electric motors, controls, ap 


First aid, health, and work- power distribution 


man’s compensation 


It would also be highly desirable to encourage students 
who are interested in construction to expand their course 
and undertake some very practical types of study 
For example, a thesis or seminar work could be under 
taken on a grade separation or similar moderate-sized 
public project at the time it is currently being considered 
The students could prepare their own estimates, formu 
late a program of construction, equipment, and labo 
requirements, and later compare their work with th 
official bid prices and the execution of the work by th 
contractor. By such direct comparison they would a 
quire a good understanding of the contractor’s approach 
to such a problem. 

The enlistment of active leaders in the constructia 
industry for lecture purposes, and the encouragement 0 
builders to record their wealth of experience for referenc: 
or textbook purposes, also bear a natural relationship t 
this program. 

In 1928 construction contracts amounted to 1! 
billion dollars. In recent years we have had less tha 
half this volume, and this mostly in public works. Ther 
is, however, every reason to believe that some day W 
shall see the 1928 figures exceeded by a considerabk 
margin. Construction is one of the major branches 0 
engineering and of business and as such deserves an 
portant position in engineering curricula. 

There are ample indications that the construct 
industry is not employing as many engineers as it cow! 
use to advantage, and much needs to be done to sell th 
value of technical assistance to the construction industt) 
A cooperative study of some of these problems by st 
organizations as the Society for the Promotion of Eng 
neering Education, the American Society of \" 
Engineers, and the Associated General Contractors ® 
America, together with equipment manufacturers, sho! 
develop important suggestions in planning for ™ 
future. 
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The Pensacola Project, Oklahoma 


Multiple-Arch Dam, Now Under Construction, Is First Unit in Development of Grand River 


By E. Lawrence CHANDLER 


MemBer AMERICAN Society or Crvit ENGINEERS 
Curer Construction Encineer, Hotway aNp Neurrer, Consuttinc ENGINEERS, Vinita, OKLA. 


of the Pensacola Dam on 
the Grand River in northeastern 
Oklahoma has held the attention of 
a succession of individuals and or- 
anizations for more than forty 
years. The objective of this long 
period of planning and effort began 
to take form with the creation of the 
Grand River Dam Authority in 1935 
by the Oklahoma State Legislature. 
‘The Grand River Dam Author- 
itv is an agency of the State of 
Oklahoma, composed of 14 counties in the northeastern 
part of the state. It is vested with broad powers for 
purposes of power development, flood control, and a 
general conservation program. The Pensacola project 
is the first and major unit in the Grand River devel- 
pment. Ultimate completion of the program will call 
for two lesser dams at the Markham Ferry and Fort 
Gibson sites downstream. 

Pensacola Dam provides both flood control and power. 
With a drainage area of 10,415 sq miles tributary to the 
reservoir, the largest flood of record is 215,000 cu ft per 
sec. A spillway capacity of 525,000 cu ft per sec is being 
provided, although it is planned to control all except 
extreme floods to a maximum of 80,000 cu ft per sec, 
which is about bank-full capacity of the river below the 
lam. The large amount of storage in the reservoir 
|,680,000 acre-ft) will provide a regulated flow averag- 
ing 3,000 cu ft per sec. 

Annual power production of 200,000,000 kwhr is antici- 
pated, with an average operating head of about 115 ft. 
his output will be doubled when the two downstream 
plants are completed. Normal tailwater will be at El. 620 
and the operating pool level will be maintained at El. 745 as 
much of the time as possible. Maximum reservoir level 


HYDROELECTRIC devel- 
H opment at or near the site 


Tne Gravity SprLLWAY OF PENSACOLA 


Several of the Blocks Are Already at Full Crest Height; Tainter 


vates, 36 Ft Wide and 25 Ft High, Are to Follow 


H ALF-WAY point in concrete pour- 
ing has been passed on the Pensa- 
cola Dam, the mile-long multiple-arch 
structure now under construction on the 
Grand River in northeastern Oklahoma. 
In these pages Mr. Chandler gives a 
brief general description of the project, 
and then takes up in more detail the 
methods employed in construction. 
particular interest are the preparation of 
foundations for the arches and buttresses, 
and the highly flexible arrangements for 
handling forms and concrete. 


has been planned as El. 750, al- 
though a possible modification re- 
quiring raising to El. 755 may be 
accomplished without any changes 
in the dam. 

The general features of the dam 
are to be seen in Fig. | which is a 
view looking southeasterly on June 
17, 1939. The dam proper consists 
of about 5,680 ft of continuous 
concrete structure, the outstanding 
portion of which is the multiple- 
arch section composed of 51 arches 
extending easterly nearly 4,300 ft 
from the west abutment. Each arch has a clear span 
of 60 ft, buttresses being of the hollow type, spaced 
S84 ft center to center. An interesting feature of 
buttress design is found in the arrangement of joints. 
As may be seen in the picture, each buttress is com- 
posed of a number of separately poured monoliths so 
arranged that joints at right angles to the axis of the 
dam incline upward with a slope of | on 4 toward 
the downstream end of the buttress. Monoliths are 15 
ft high measured at right angles to the joints mentioned, 
and their lengths vary so that the joints between them 
are staggered. This design is considered to have definite 
advantages over others which have introduced joints of 
irregular form and difficult construction in an effort to 
minimize cracking along the lines of principal stresses. 
Buttress tops are at El. 657, the largest buttresses being 
about 150 ft high. Arch rings are poured in 15-ft lifts 
measured along the slope of the arch. 

Extending easterly from the multiple-arch portion is 
the main spillway, which is a gravity-type structure. 
It will be 861 ft long, with crest elevation at 730, and 
will be surmounted by 21 Tainter gates, each 36 ft long 
by 25 ft high. The partially completed structure may 
be seen in the distance in Fig. 1. Discharge from the 
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ONE OF THE ARCHES DURING CONSTRUCTION 


Note the Safety Net, Which Moves Upward 
with the Intrados Form 
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PENSACOLA Dam—View LooKING SOUTHEASTERLY, JUNE 17, 


spillway will flow into the present river channel about a 
mile downstream from the dam. The light-colored strip 
showing in the picture along the foot of the distant, 
wooded hill is a dike along the spillway channel. 

The east end of the dam is a gravity-type, non-over- 
flow structure extending from the spillway into the east 
abutment. 

About’a mile east of the main dam two auxiliary spill- 
ways are located in a saddle in the hills. These are 
equipped with 21 Tainter gates, each 37 ft long by 15 ft 
high. Discharge from these spillways will unite with 
that from the main spillway before emptying into the 
river. 

A 20-ft roadway will be carried across the top of both 
the main dam and the auxiliary spillways. 

The power house is being built in the old river channel 
close to the west abutment. The original installation 
will include four 20,000-hp units and a 750-hp house unit, 
and emplacements will be provided for two future tur- 
bines. The switchyard is being located on top of the 
west bluff at an elevation about 146 ft above normal tail- 
water, connections from power house to switchyard being 
through a bus tunnel and vertical shaft in the rock of the 
abutment. 

CONSTRUCTION METHODS 

The Grand River is flashy, and records indicate possi- 
bilities of high water at all seasons so that substantial 
cofferdam construction is essential. The contractor de- 
termined on steel piling, cellular construction, as most 
suitable. In Fig. 1 is to be seen the second cofferdam 
with the power house excavation under way. The cells 
are elliptical except at corners and ends, where circular 
structures are used. Satisfactory service has been af- 
forded to date. Because of a moderate rise in the river, 
it became necessary to flood the second cofferdam just be- 
fore it reached completion, but there have been no large 
floods and work has proceeded without serious interrup- 
tion from the river. 

The first cofferdam was of construction similar to the 
one shown. It included the buttress which now forms 
part of the easterly side of the present cofferdam, and 
was tied in to the left bank of the river, leaving the stream 
in its original bed along the foot of the west bluff. 

Final closure will be made through arches Nos. 7 and 
8. In each of these bays a gravity-section block of con- 


EXCAVATION UNDER Way, SHOWS AT THE RIGHT. 
Seen UNDER CONSTRUCTION IN THE DISTANCE. 
MrxInc PLANT ARE ON THE DOWNSTREAM SIDE OF THE DAM 


1939. SECOND 
crete has already been built with three < 
by 10-ft openings. These structures ar 
to be seen nearly submerged, with drift 
wood lodged on them, in the picture. 

About 1,300,000 cu yd of earth excavation are involved 
in the dam construction, the major portion being removal 
of overburden from the main dam foundation. A variet, 
of equipment has been employed for this work. Elevat 
ing graders played a prominent part in handling the fine 
materials across the floor of the valley, where the over 
burden depth ranged from 25 to 30 ft. Much dirt was 
also moved with 12-cu yd wheeled scrapers. Shovels 
and trucks have accounted for the remainder. 

Preparation of the foundation, although it cannot bx 
classed as extremely difficult, presented its problems 
The dam is founded in Boone chert, one of the Mississip 
pian formations. This rock varies erratically from lay 
ers of pure limestone to a limestone with large chert 
content. Near the top much of the material is in layers 
of from a few inches to one or two feet in thickness, with 
a dip approximating 1 per cent toward the southwest 
Some water-bearing seams were disclosed by borings, al 
though in general the foundation is very good. Over most 
of the foundation area it was necessary to excavate onl) 
a few feet of inferior surface rock to reach a satisfactor 
material. 

Grouting under the main dam foundation is being car 
ried to a depth of approximately 20 ft below the bottoms 
of the footings, and a cutoff curtain along the upstream 
line of the arches and buttresses is being provided to a 
depth of 30 ft. The underlying seams become progres 
sively tighter as the distance from the river increases, s 
that portions of the area take no grout at all. 
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EXCAVATION FOR BUTTRESS FOOTING IN 
SECOND COFFERDAM 
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[he general program of foundation preparation for the 

buttresses and arches was to remove the top strata of in- 
ferior rock from the footing areas by mass excavation 
methods. The maximum depth so removed was about 
\( ft, and in places excellent rock was found at the sur- 
face. Rock of suitable character having been reached, 
the general scheme contemplated the shooting of trenches 
for buttress footings—although in some instances where 
mass rock excavation was carried to considerable depth, 
and the downstream face of the excavated area provided 
a substantial resistance to sliding, it was deemed suffi- 
cient to provide keyways in the rock in lieu of trenches. 

All the rock encountered in trench work was hard and 
brittle so that it was very difficult to attain, by ordinary 
drilling and shooting methods, the neat line desired for 
the arch cutoff. After considerable experimentation 
the contractor resorted to broaching as being the most 
satisiactory method of carrying out this portion of the 
excavation. The resulting trenches have been quite 
satisiactory. The character of the rock may be seen in 
Fig. 2, which shows conditions at a location about in the 
center of the original river bed. Arch cutoff trenches 
are to be seen in Fig. 3, a view looking toward the river 
from the upstream side of the dam on April 4, 1939. 

Chief equipment for drilling has been wagon drills 
operated from a central compressor station located near 
the mixing plant, augmented by a number of portable 
compressors and by jackhammers. Excavation has been 
by shovel and truck haul. 

Both the design and the location of the dam lend them- 
selves to a continuous high rate of construction progress. 
Plant for concrete placing should, therefore, be flexible, 
nobile, and speedy. Final selection as made by the con- 


ry BROACHED TRENCHES FOR THE FOOTINGS 
OF THE ARCH CUTOFFS 


tractor after careful study of a number of proposed meth- 
ods is indicated in Fig. 4, which is a schematic drawing 
showing the types and number of units of equipment em- 
ployed for handling forms and placing concrete. 

The cranes are readily moved from place to place, are 
rapid in action, and have good salvage value. Trucks 
were decided upon as providing more flexible transporta- 
tion than car haul. With trucks it is possible to spot 
concrete buckets within ready reach of the crawler cranes 
working between buttresses, as well as the larger whirleys 
operating at higher levels. 

Coarse aggregate in four gradations is obtained from a 
limestone quarry operated by the contractor on property 
owned by the Authority. Sand comes from the Arkan- 
sas River at Muskogee. All aggregates are shipped in by 
rail and unloaded into storage piles by a belt conveyor 
system which may be seen over the top of the dam struc- 
ture in the center of Fig. 1. The access railroad for the 
job connects with the Kansas, Oklahoma and Gulf Rail- 
road about 4'/, miles to the west, crossing the river on 
the bridge to be seen downstream in Fig. 1. 

CONCRETING PLANT; CONCRETE STRENGTHS 

Concrete for the principal structures is mixed in a cen- 
tral plant located just downstream from the dam at about 
the middle of the valley. Three 2-cu yd units comprise 
the mixing equipment. From the mixers concrete is dis- 
charged directly into 2-cu yd, buttom-dump buckets on 
trucks and is then transported by truck to within reach of 
one of the placing cranes. Each truck body will accom- 

nodate two buckets; hence the empty bucket for the 
return trip can be placed on the truck by a crane just 
before picking off the outgoing loaded one. 

With the arrangement of batch weighing installed at 
the plant and with the mix designs in use, it is possible to 
pour at the same time in the gravity portion of the dam 
and at three places in the multiple-arch section and 
power house. The best record to date for an 8-hr shift 
has been 1,000 cu yd, although a rate of 150 cu yd per hr 
has been maintained for short periods. 

The rather high test-strengths of 3,500 lb per sq in. for 
concrete in the arches and water-contact slabs of the 
buttresses, and 2,500 lb per sq in. for other structures, 
have been used as standard. These strengths have been 
met consistently with mixes using as low as 0.8 bbl ce- 
ment per cu yd with a water-cement ratio of 0.62 by 
weight and 6-in. maximum aggregate, for gravity struc- 
tures; 1.00 bbl cement with a water-cement ratio of 
0.576 and 3-in. maximum aggregate, for buttress side 
walls and footings; and 1.10 bbl cement with a water- 


2S, al 


~ 
te 


cement ratio of 0.56 and 3-in. maxi- 
mum aggregate, for the 3,500-lb 
concrete. These designs require 
careful laboratory supervision at 
the plant. During the earlier stages 
of the work higher cement contents 
than those listed here were used, and 
for part of the time lower water- 
cement ratios were employed. It 
appears that excellent results have 
been obtained from the proportions 
mentioned. 

The specifications require the use 
of steel or steel-lined forms for the 
buttresses and arches. Owing to 
the fact that the dimensions of the 
bottom row of blocks on any but- 
tress are governed by the elevation 
of the footings, the contractor 
elected to build steel-lined forms 
for those blocks. Above the bot- 
tom row in each buttress the forms 
are of steel. Because of battering 
walls, the forms for any particular 
block are used only once on a but- 
tress, after which they are trans- 
ferred to another one. This re- 
quires a large amount of form mov- 
ing and still further emphasizes the 
value of speed and ease of operation 
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TorpPpinc Out A BUTTRESS 


The Top Is About 100 Ft Above the 
Decking; the Bottom, 46 Ft Below 


V OL. 9; N 0, g 
house was placed June 29, [929 
With the total amount of c: nerete 
in the job estimated to be some. 
what greater than 500,000 cu yq 
approximately 60 per cent had been 
placed by August 28. Completion 
of the project is scheduled for the 
spring of 1940. 

The Massman Construction Com. 
pany of Kansas City has the maiy 
contract for the dam, excavation 
having been done under sub-con 
tract by the Sammons-Robertson 
Company of Huntington, W.Va. 
Turbines are being supplied by 
Allis-Chalmers Manufacturing Com. 
pany and will be installed under 
the main contract. Westinghouse 
Electric and Manufacturing Com- 
pany has the contract for furnishing 
and installing the four 16,000-kva 
main generators and the 625-kya 
house generator. A contract for 
the switchyard and electrical acces- 
sories is held by the Brooker Engi- 
neering Company, Detroit, Mich. 

The project is being financed un- 
der a loan and grant agreement 
with PWA. H. H. Ferguson jis 
project engineer. Design and su- 


of the cranes. 

Arch forms are steel throughout. Intrados forms are 
shifted up the buttresses on sectional track, which is sup- 
ported on brackets fitted into recesses in the buttress 
side walls just below the spring line of the arches. 

Excavation was started in August 1938, and the first 
concrete was poured on December 30. Buttresses and 
arches are now well advanced, as may be noted in the 
general view of the job, and the first concrete in the power 


pervision of construction are being 
carried out by Holway and Neuffer, consulting engi- 
neers, Tulsa, Okla., under contract with the Grand 
River Dam Authority, and W. R. Holway, M. Am. 
Soc. C.E., is serving as chief engineer. Victor H. Coch- 
rane, M. Am. Soc. C.E., is special consultant on struc- 
tural features of design, and Barry Dibble, M. Am. Soc 
C.E., is electrical consultant. The writer is in charge 
of construction. 
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Steam Whirler 


Spillway Section Gravity Section 
| | 


Steam Whirler 
Crane, 100-Ft 


Steam Whirler Whirler Crane, 


( tructy steam Whirler’ Steam Whirler Steam Whirler Crane, 125-Ft Crane, 100-Ft 00-Ft Boom, Carbody Boom, 14-Ft 
Bridge Crane, 100-Ft Crane, 125-Ft Crane, 125-Ft Boom, 50-Ft Boom, 22-Ft (Later on 22-Ft Gantry) Gantry 
Boom, 14-Ft Boom, 24-Ft Boom, 50-Ft Gantry Gantry 
Gantry Gantry Gantry 


Caterpillar Crane ~ 


EQUIPMENT LIST 
CAPACITY 


5 Tons at 40 Ft 
5 Tons at 100 Ft 
5 Tons at 127 Ft 


15 Trucks 14 to 4 Tons 


5. Crawler Cranes 
4 Steam Powered Whirler Cranes 
2 Steam Powered Whirler Cranes 


100-Ft Boom 


25 5c 


Scale in Feet 
100-Ft Boom 
‘ 
4 
SPILLWAY SECTION GRAVITY SECTION 
Q 
/ 
S ; 0 25 50 Scale in Feet 
Scale in Feet 
Ft Boom 
| 
25 50 
Scale in Feet £1 622 


ARCH AND BUTTRESS SECTION 


Fic. 4. Scuematric Drawinc INDICATING PRINCIPAL EQuIPMENT FOR HANDLING ForMS AND CONCRETE 


T SPILLWAY 
ARCH AND BUTTRESS SECTION EAST ECTION 
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Measuring the Hazards on Rural Highways 


icrete 
some- 
‘be Analyses of Indiana Accident Records Utilize “Frictional Classifications’ to Advantage 
letion By J. T. 
MemsBer American Society or Crvit ENGINEERS 
Com. ForMERLY Trarric ENGINEER, INDIANA State Hicuway Commission, INDIANAPOLIS, IND. 
main 
ation HE traffic engineer's job is to y en object of this paper is to outline — sections is only slightly more hazard- 
-Con devise ways and means to pro- a method of measuring the hazard on ous by night than by day and that, 
rtson mote the convenience, the sections of rural highways and to em-_ in general, the ratio of night to day 
V.Va. economy, and the safety of traffic, phasize the need for other and more re- hazards is lower at intersections than 
1 by and to establish, as far as possible, fined units of measurement for engineers at other places on the highways. 
Com- the proper balance between these in traffic work. More than 5,500 rural Further, intersection accidents are 
inder three characteristics. However, be- highway accidents are classified on a_ less severe than the average of all 
house fore he can assure himself that he ‘‘frictional’’ basis and the accident rates highway accidents. These relations 
Com- knows the proper balance, and that for different vehicular volumes and num- are somewhat different from those 
shing he can obtain it at a given location, bers of lanes are presented and analyzed. in towns and cities. The greatest 
-kva he must establish units of measure- The ‘‘frictional classifications,’”’ Mr. contributing factor or condition is 
-kva ment and methods of procedure. Hallett believes, should furnish the traf- the left turn. 
t for Traffic engineering is now going fic engineer with valuable data for use in “Medial friction”’ is evidenced by 
weces- through the formative period com- design, improvement, and maintenance collisions at or near the center of 
Engi- mon to all branches of engineering, of rural highways; he suggests the im- pavements by vehicles going in op 
ch. during which such units and meth- portance of similaranalyses directed tothe posite directions, usually resulting 
d un- ods are evolved. In thisconnection measurement of such highway charac- in a head-on or side swipe, and ac- 
ment much work is now being done on the feristics as convenience and economy. counts for 28.9 per cent of all acci- 
m is various economic phases of motor dents. Of the medial friction acci- 
1 su- vehicle transportation. Much more needs to be done. dents, 55.9 per cent occurred at night as against 49.5 per 
being With reference to the conveniences and inconven- cent at night for all accidents; 4.6 per cent were fatal vs. 
engi- iences in motor vehicle traffic, very little accurate and 3.9 per cent fatal for all accidents; and there was $212 
rand measurable work has been accomplished other than in property damage per accident vs. $165 property damage 
Am. providing a surface over which to operate, and there is per accident for all. These data indicate that the haz- 
Soch- yet a great deal that should be done along this line, par- ards for night traffic are greater at the center of the road 
truc- ticularly in setting up units of measurement and estab- than at other places and the accidents there are consid- 
Soc lishing a ‘‘normal’’ or “‘expected’”’ convenience. As for erably more severe. The medial friction accidents are 
large safety, some results have been achieved and some crude good ones to try toeliminate. The greatest contributing 
units of measurement have been established, together factor is ‘crossing center line to pass.”’ 
with expectancies. However, most of this work has been “Internal stream friction’’ is evidenced by collision of 
——+e in cities, and the units and techniques do not fit the cars going in the same direction but at different speeds, 
traffic conditions of rural highways. or hitting a parked car on the pavement headed in the 
With this last phase of the problem in mind, a study same direction, and accounts for 28.6 per cent of all 
4 has been made of about 5,500 motor vehicle accidents accidents. Internal stream accidents were 50.4 per cent 
occurring during the fiscal year of 1938 on about 3,500 at night vs. 49.5 per cent at night for all accidents; 2 per 
miles of state and U. S. highways in Indiana, accidents cent fatal vs. 3.9 per cent fatal for all accidents; and 
in towns of 1,000 population and over being excluded. there was $133 property damage per accident vs. $165 
rhe results are presented herewith in Tables I and II. property damage per accident for all accidents. These 
In Table I, the accidents are tabulated by ‘“‘frictional data indicate that the hazard per traffic unit is higher at 
classifications,’ the significance of which will be dis- night than by day, but is about average or normal for all 
cussed later in detail. A further division is made ac- accidents. The severity is less than average and the 
cording to the reported principal contributing factor, same as for intersection accidents. The greatest con- 
giving preference to the road condition when it appeared _ tributing factor or condition is ‘‘parked, slow, or stopped 
that that factor entered into it. Finally, accidents are car on road’’ indicating speed differential. 
— segregated as to severity (property damage, personal “Marginal friction’’ is evidenced by collision with cars 
= injury, and fatal) and as to time of occurrence (night or parked along the shoulder, poles, ditches, rough shoul- 
eedee day lhe amount of property damage reported and _ ders, etc., and accounts for 20.4 per cent of all accidents. 
the number of fatalities and injuries are also listed. Of the marginal friction accidents 50.5 per cent were at > 
PERCENTAGE Alen night vs. 49.5 at night for all accidents; 4 per cent were 
fatal vs. 3.9 per cent fatal for all accidents; and there was 
A “Intersectional friction” is evidenced by collisions at $150 property damage per accident vs. $165 property 
we intersections, and accounts for 18.9 per cent of all acci- damage per accident for all accidents. Thus the per- 
dents reported on these highways for the period of study. centage of marginal friction accidents is only slightly 
on Intersectional accidents were 34.5 per cent at night vs. higher at night than the average, but considerably 
Yo per cent at night for all accidents; 2 per cent were higher per unit of traffic than by day. The severity is 
S) latal vs. 3.9 per cent fatal for all accidents; and property _ only slightly greater than average but greater than inter- 
damage reported was $133 per accident vs. $165 for all sectional and internal stream when severity is measured 
Y accidents. Since only 30 per cent of state highway by percentage of fatalities. When measured by amount 


traffic is at night, these data indicate that driving atinter- of property damage it is less than average but greater 
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than intersectional and internal stream. The greatest 
contributing factor or condition is “‘to avoid animal, 
pedestrian, or vehicle.’ A great many marginal friction 
accidents are the result of avoiding what otherwise would 
be internal stream friction. 

The pedestrian accidents as a whole were only 2.4 per 
cent of all, but there were more “‘fatals’’ in this group 
than in either the intersectional or internal stream classi- 
fications. Railroad crossing accidents are only 0.4 per 
cent of all. The percentage of fatalities is high but the 
number is less than that caused by any of the other fric- 
tions. ‘‘Mechanical defects’’ includes only 0.4 per cent 
of all accidents and for the present purpose need not be 
given much consideration. This classification does not 
represent the effect of mechanical defects, but was only 
created for use where no other classification would apply. 

A review of this tabulation, with the averages and 
comparisons, enables us to place a value on, or to rate, 
any plan or device that will reduce or eliminate any of 
the frictional groups of accidents. In planning con- 
struction or control devices for traffic to eliminate one 


TABLe I 


, 

or careless driver 2 
- 


Major Caves on Connetions FATAL PERSONS 
INJURED 
= Obstructed view 8 
Icy pavement 7 
y Wet pavement 5 
Sy Both cars going straight through 11 305 
wr At least one car making right turn 10 
Bs At least one car making left turn 13 291 
= Rear-end collision 2 91 
po} Mechanical failures, tires, brakes, etc 2 5 
Py Sleepy, drunk 
ra Avoiding pedestrian, animal, or vehicle 

Others 
Total 28 761 
Marginal friction by leaving the pavement 7 69 
Over center line. because of curves or alinement 16 225 
a Narrow bridge 29 
8 Crossing into private or semi-public place 70 
o Crossing center line to pass ” 343 
Short vertical sight distance l4 
~ Icy pavement 6 154 
3 Wet pavement 9 114 
Sleepy. drunk, or careless driver 135 
& Mechanica! defect, tires, brakes, etc ; 5 48 
“ lo avoid animal, pedestrian, or vehicle ‘ 7 61 
Others 25 01 
Total 108 1.463 

= Narrow roadway 
= Narrow bridge 1 
y Fixed objects in traveled way 2 
= Leaving lane to right, no road intersection 11 
= Leaving lane to left, no road intersection 1 R4 
§ Entering lane from side, no road intersection 2 73 
hy Parked, slow, or stopped car on road 24 596 
o Passing other car 4 187 
4 Mechanical defect, tire blow, etc 3 
a To avoid animal, pedestrian, or vehicle 14 
. Sleepy, drunk, or careless driver l 25 
= Others 5 15 
Total 1011 
= Narrow bridge or culvert 7 
= Poor shoulders 2 45 
>. Curve or alinement 16 102 
= Icy pavement 6 56 
Wet pavement 7 1l4 
- Fixed objects—-ditches, poles, trees, etc 3 19 
bs Mechanical defect, tire blow, etc 5 118 
5 To avoid animal, pedestrian, or vehicle 2 181 
s Sleepy, drunk, or careless driver 8 67 
- Others 4 58 

Total 767 
c Pedestrian crossing pavement at intersection 1 s 
Bc Pedestrian crossing between intersections or standing 
ber on pavement 17 61 
HI Pedestrian walking along pavement 17 37 

Others 2 

sme 

Total 35 108 
r Railroad crossings = : 12 20 
ry Mechanical defects not classified under one of the 

friction groups 4 2 8 
© 

Grand total . ‘ 275 4,138 
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ACCIDENTS ON 3,500 MILES oF STATE AND FEDERAL HIGHWAYS (RURAL) IN INDIANA, 
1, 1937, June 30, 1938, By Type 
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class of trouble, great care should be taken to I 
creating other troubles as great or greater. 


event 


RELATION OF ACCIDENTS TO TRAFFIC VOLUM 


As a second part of this study, certain relat) 
accidents to traffic volume and number of lanes were 
investigated. The same accident reports were used as 
in Table I, except for the omission of the “pedestrian 
“railroad crossing,’’ and ‘‘mechanical defects” group. 
ings, which are relatively of no importance in this study 
The roads were segregated into 2-lane, 3-lane, 4-lane un 
divided, and 4-lane divided; and the two-lane road: 
were further classified in 6 groups, by average daily 
traffic volume. 

These data are presented in Table II. The sample oy 
the 4-lane divided pavement is not so large as for other 
groups, and does not cover a full year for one sectioy 
but it is presented with the belief that it has some valye 
To some degree it represents what may be expected of 
such construction and enables us to give dual pavements 
a safety rating. 


ns of 


NUMBER OF ACCIDENTS 


PROPERTY By Severity By Time of 
DAMAGES Occurrence 
Prop Personal 

Damage Injury Fatal Night Day Total 
$ 173 3 3 1 5 6 
1,853 12 5 6 11 17 
708 9 3 4 8 12 
56,620 152 158 9 76 243 319 
9,838 62 28 24 66 90 
55,597 296 167 10 186 287 473 
14,490 78 55 2 62 7 135 
1,475 2 2 I 2 3 5 
545 2 1 3 4 3 
1,795 4 5 13 
429 3 2 1 3 
$143,523 628 426 22 371 705 1,076 
12,894 25 35 3 31 32 63 
50,433 152 111 12 180 95 275 
8,752 45 18 24 39 63 
11,686 38 38 17 59 76 
77,892 161 148 23 152 180 332 
3,549 10 4” 7 12 19 
$5,445 101 70 5 81 95 176 
21,161 74 48 7 81 48 129 
43,125 66 68 2 Os 38 136 
10,669 28 14 4 20 26 46 
25,602 32 23 7 26 36 62 
46,511 152 104 13 202 67 269 
$347,719 SS4 686 76 19 727 1,646 
812 10 l 1 10 11 
737 9 1 6 4 id 
2,164 29 9 s 30 38 
17,507 108 90 I 57 102 159 
18,036 82 39 2 47 76 23 
130,745 547 $74 21 42 400 
34,876 154 O8 4 104 153 257 
1,819 6 3 6 3 Q 
3,200 14 Q 7 16 23 
4,408 10 16 1 22 5 27 
1,792 11 12 4 18 9 27 
$216,096 981 612 33 818 808 1,626 
2,465 s 5 8 5 13 
9.579 34 25 1 32 28 60 
5,057 67 55 13 88 47 135 
0,969 105 47 5 2 95 157 
21,806 91 69 6 73 93 166 
3,069 17 11 3 15 16 31 
10,341 56 62 5 57 66 123 
42,336 154 130 2 146 140 286 
15,575 38 42 Ss 63 25 83 
12 597 58 40 4 65 37 102 
$173,794 628 486 47 609 552 1,161 
627 cae 8 1 6 3 9 
451 oriea 59 17 27 49 76 
471 35 17 41 11 
310 one 2 : 1 i 2 
1,859 ene 104 35 75 64 139 

5,335 8 10 7 10 15 2 
16,077 13 6 1 12 s 2U 
$904,403 3,142 2,330 221 2,814 2,879 5,693 
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TABLE II. ACCIDENTS TABULATED WITH RESPECT TO TRAFFIC VOLUME AND NUMBER OF LANES 
2-Lange Roaos 3-LANE 4-LANE 4-Lane 
— Roaps UNDIVIDED Divipep 
Less 500 to 1,000 to 2,000 to 3,000 to Over All 
than 500 1,000 2,000 3,000 4,000 4,000 2-lane 

1c af miles . 410.43 650.63 1,358 667.93 211.75 41.17 3,339.91 71.63 92.71 21.36 
pth laily traffic volume 306 744 1,460 2,400 3,400 4,790 1,530 3,890 5,460 2,380 
were P 
d as ctional . ee 28 77 328 268 127 30 858 61 138 9 

“ > el 36 138 472 535 250 47 1,478 78 79 0 
lan, a | stream + 22 112 494 468 185 56 1,337 109 173 14 
‘oup- . nal . a eee 21 122 394 326 152 30 1,045 33 80 9 
udy : . 107 449 1,688 1,597 714 163 4,718 281 470 32 
. un t rate per million ve- 
"( ads miles 
laily ectional 0.613 0.436 0.452 0.459 0.484 0.416 0.460 0.600 0.746 0.485 
daily é 0.788 0.781 0.653 0.915 0.950 0.652 0.793 0.765 0.429 0 

1] stream . 0481 0.634 0.683 0.802 0.704 0.779 0.718 1.070 0.936 0.754 

le or nal : : 0.460 0.690 0.543 0.558 0.579 0.417 0.561 0.324 0.433 0.485 
ther oh .-< eee . 2.342 2.541 2.331 2.734 2.717 2.264 2.532 2.759 2.544 1.724 
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Intersection accidents, it would appear, should vary 
with the units of exposure, and one would normally think 
that the exposure units would not be proportional to the 
vehicle-miles of traffic. But apparently, from the data 
in Table II on intersection accidents on 2-lane pave- 
ments, the exposure units and intersection accidents 
must vary with some uniformity with the vehicle-miles 
of traffic. This is particularly true when the mileage is 
large. The greatest variation is on roads carrying 
traffic less than 500 vehicles per day. Data have not 
been collected to prove the point, but it would seem that 
where volumes are less than 500 per day the operators do 
not consider the state road as preferential, and enter at 
intersections without proper precautions. The desira- 
bility of further studies on this is indicated. 
lable II indicates clearly that the intersection accident 
rate per million vehicle-miles goes up as the number of 
lanes of undivided pavement is increased. The rate for 
t-lane divided pavement is very close to that for 2-lane 
pavements. 
With pavement and traffic conditions the same, one 
would expect marginal accidents to vary uniformly with 
total vehicle-miles of traffic. It is hard to believe that 
the variations shown for traffic volumes below 500 per 
day and for volumes between 500 and 1,000 per day are 
caused by traffic condition or driver attitude. Therefore 
there must be some road condition which is yet to be 
determined causing these variations from the average 
rate. The slight drop in both intersectional and mar- 
ginal rates for daily volumes above 3,500 may be due to 
better road conditions because of better marking or 
maintenance, or it may be due to increased vigilance of 
operators where larger traffic volumes exist. The 
average marginal accident rate for 3- and 4-lane pave- 
ments within the volume range studied is better than for 
2-lane pavements. 
Internal stream accident rates show a gradual increase 
per million vehicle-miles from the low daily volumes to 
between 2,000 and 3,000, where the peak rate is reached 
ior 2-lane pavements. The drop for volumes between 
»,000 and 4,000, and the slight rise between 4,000 and 
»,000 volumes, it seems may be caused largely by oper- 
ator s reactions to these particular traffic densities. The 
lollowing is only a thought, and cannot at present be 
substantiated by factual data: When the traffic volume 
reaches 3,000 to 4,000 per day, operators, to avoid in- 
ternal stream friction, try to pass the object ahead by 
either the center-line route or the edge route, which 
tends to reduce the internal stream friction and increase 
* marginal and medial frictions. Both show an in- 
with this traffic volume range. When the volume 
1,000 or over, the meeting vehicles are in such 
that passing is considerably restricted, speed is 


reduced, the operator becomes more alert, and the com- 
bined accident rate is lowered. 

The internal stream accident rate for 3- and 4-lane un- 
divided pavements within the volume range studied is 
higher than for 2-lane pavements. Further, the rate for 
3-lane pavements if higher than for 4-lane, which is in 
accordance with the popular belief concerning the dan- 
gers of 3-lane roads. 

Medial friction accident rates might be expected to 
increase rapidly with the increase in daily volume, other 
factors being the same, and this seems to be true within 
the volume groups 1,000—2,000; 2,000—3,000; and 3,000- 
4,000. When the traffic volume is less than 1,000 per 
day, the rate is close to the average for all 2-lane roads 
and is higher than might be expected. It would seem 
that the reason for this may be due to a road condition 
which prevails on such routes. Further facts and study 
are necessary to determine this. There is a decided drop 
in the medial rate when the volume is over 4,000 per day. 
It would seem that this may be due to considerably 
fewer attempts to pass and use the opposing lane for any 
purpose because of the larger number of meeting vehicles. 

In respect to average medial friction accident rates 
very little difference is indicated between the 2- and 3- 
lane pavements, but there is a decidedly better rate for 4- 
lane pavements. The 4-lane divided pavements will 
have substantially no medial accidents if the division 
strip is 20 ft wide or more. 

The last line of Table II gives total accident rates per 
million vehicle-miles for the various traffic densities and 
number of lanes. For traffic volumes below 2,000 per 
day the rate is near or less than the average for all 2-lane 
roads; for volumes of 2,000 to 4,000, the rate is above 
the average; and for volumes of over 4,000 it is again 
below the average. This variation reflects the charac- 
teristics of the separate classifications, and additional 
data are desirable. The average rates show the relative 
hazard or safety of 2-, 3-, and 4-lane pavements and of 
the various groups of 2-lane pavements studied. 


SIMILAR STUDIES OF CONVENIENCE AND ECONOMY NEEDED 


These ratios or units of measurement of safety and 
methods of measuremerit are no doubt crude, but the 
writer feels that they represent progress in the right 
direction, and can be corrected and refined as additional 
facts are gathered. Similar work on measuring con- 
venience and economy—the other two traffic character- 
istics—should be made and superimposed on this to get a 
complete picture of the problem. Thus the proper 
balance between the three characteristics could be deter- 
mined, and the traffic engineer would be in a position to 
provide motor vehicle transportation with the greatest 
possible safety, convenience, and economy. 
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The Corpus Christi Sea Wall Project 


12,000 Ft of Concrete Structure to Protect Texas Port Against Repetition of 1919 Hurricane Disaster 
From A Paper RECENTLY PRESENTED BEFORE THE TEXAS SECTION 
By E. N. Noyes, M. Am. Soc. C.E. 


Consuttinc Civit Encineer, Myers anp Noyes, Da.tas, Tex. 


IKE all other cities along the 
Gulf coast, the port of Corpus 
Christi, Tex., is subject to 
tropical hurricanes. Originating in 
the South Atlantic or the Caribbean 
Sea, these storms trace a curve to 
the northwest across the Gulf and 
then swing into land in a northerly 
and northeasterly direction, caus- 
ing destruction by wind, wave, 
and tide. 

In 1919 one of these hurricanes struck Corpus Christi, 
with a serious loss of life and property. The general 
elevation of the lower section of the city varies from 5 to 
9 ft above mean tide. The tide and waves built up by 
the storm, reaching an elevation of + 11.5, swept through 
the entire low-lying section, and with the accompanying 
drifting timbers and debris battered everything in their 
path. The town was entirely isolated so far as rail, high- 
way, and wire communication was concerned. 

This disaster led to the passage of legislation, in 1921, 
whereby a portion of the state ad valorem taxes on seven 
Gulf coast counties was remitted for a period of 25 years, 
beginning September 1, 1921, for the purpose of ‘‘aiding 
the city of Corpus Christi in the construction of sea walls 
and breakwaters so as to protect said city from calami- 
tous overflows.” 

With a bond issue based on this tax remission, a loose 
stone breakwater was built in front of the city in 1924 
(Fig. 1). This structure was not of the type or height de- 
sired, but was all that could be done with the funds then 
available. 

By 1938, additional tax remission funds to the amount 
of approximately $900,000 had accumulated, as the result 
of an increase in taxable property values by virtue of dis- 
covery of numerous oil fields and the increase in agricul- 
ture and cattle raising, and it was decided to construct 
more adequate protective works. The new plans called 
for a sea wall that would completely enclose the city 
south of the Ship Channel, against waves and tides to an 


A COMPLETED SECTION OF THE New SEA WALL 


PE ITECTION against flood from 
hurricane is the primary purpose of 
the sea wall project now under construc- 
tion in Corpus Christi, Tex. Its comple- 
tion, however, will provide the city with 
several other benefits as well 
two-mile length of shore-line boulevard, 
and three boat basins. 
sign, and progress to date are all dis- 
cussed by Mr. Noyes in the present article. 


elevation 2.5 ft. above those of the 
1919storm. The estimated cost of 
the work was $1,600,000. A PWa 
grant-in-aid was sought, but was 
not obtained. The city decided, 
however, to proceed with the work 
to the extent of the funds available. 
and seek elsewhere for sufficient 
money to complete the project. In 
June 1939 the legislature extended 
tax remission for ten years, to 1956. 
estimated to give $1,500,000 of additional funds with 
which to complete the project. 
The selection of a design was determined by the follow- 
ing factors: 
1. Safety above the greatest storm of record, that 
of 1919 
2. Drainage of storm water off the protected lands 
3. Control of waterfront by the city 
4. Improvement of the appearance of the water. 
front 
5. Reclamation of private lands in exchange for x 
lease of riparian rights 

6. Provision for yacht basins 
7. Prevention of backwater coming in from the 
turning basin and the Industrial Canal 

8. Future widening of Water Street 
Adoption of general plans followed an inspection of 
similar work along the Gulf coast and on the Atlantic 
coast from Key West to Atlantic City. The principal 
feature of the project is a concrete structure of the step 
type, supported on piling, backed up by a hydraulic fill, 
and incorporating a steel sheet-pile cutoff wall (Fig. 2). 
This step structure will extend from near the Bascule 
Bridge on the north (Fig. 1) to the bluffs south of the 
city, a distance of approximately 12,000 ft. 
At the north end of the project, the Port Commission 
is to pay the cost of 400 ft of wall along its property line; 
while across the Government property used by the U. 5. 
Engineers, the Government will construct 900 ft of wall, 


including a 


Financing, de- 


At WorK ON THE SEA WALL 


Near the 


At the Right the Graded Hydraulic Fill Can Be Seen 
Center Is the Traveler on Which the Beam Steel Is Formed and 
Lowered Into Place. Beyond, to the Left, Is the Traveling For™. 

Where Concrete Is Poured 


This View Was Taken from the Municipal Wharf, Looking North. 

The Concrete Culvert in the Foreground Passes Through One of 

the Yacht Piers and Is Designed to Create a Circulation of Water 
in the Yacht Basin 
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ng a total of about 1,300 ft of wall that will be paid 
for by parties other than the city. 

I, order to prevent backwater from entering the city 
through low-lying ground west of the Turning Basin 
houses, a backwater levee is to be constructed from 


CLose-Up OF REINFORCING STEEL IN PLACE 


the high ground on the north edge of the city, near the 
Missouri Pacific Station, north to the fill along the Turn- 
ing Basin. This levee will cross a number of tracks of the 
Southern Pacific Railway, and to accommodate these 
tracks without the necessity of their being raised, a gate 
structure which can be closed at times of high water has 
been designed. 

In addition to the sea wall proper, plans call for a cer- 
tain amount of construction to give a safe harbor for small 
boats. The first three boat basins will have an area 
of approximately 60 acres with a minimum depth of 8 ft, 


the areas being enclosed by T-head piers. The T-heads 
will be 300 ft by 1,000 ft, connected to 

the wall by a pier 65 ft wide carrying a Turning 
roadway over the wall on a ramp. —<-, 


They will be developed for recreation 
purposes. Additional safe berthing 
space for small boats can be added 
as the demand arises. -- 
The location of the sea wall is ap- 
proximately 500 ft east of Water 

Street, and the hydraulic fill will oc- a he 
cupy the entire intervening space, 
rising on a grade of approximately 2 
per cent to the west line of the pro- 
posed Shoreline Boulevard. This boule- 3 
vard will include a 20-ft splash walk 
adjacent to the wall; two roadways, 
each 40 ft wide; an intermediate park 
area varying in width from 80 to 300 
it; and a parking and sidewalk strip 
on the west, with a minimum width of 
15 ft. 

Property under private ownership 
extends east from Water Street (the 
present approximate water line of the 


Construction) 


Sea Wall (Under 


The Chains Under the Reinforcing Are Weighting Down the Heavy Kraft 
Paper Which Separates the Fill from the Concrete 
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their properties in exchange for the construction of 
the sea wall and boulevard adjoining them on the east. 
As a result, the city now has complete control of its 
entire waterfront and of a strip back of the sea wall, vary- 
ing in width from 200 te 350 ft and extending from the 
south line of the Government property to 
the bluffs on the south, a distance of ap- 
proximately 11,000 ft. It will be noted 
that this control covers the entire bay 
front opposite the business area of the city. 

In the design of the sea wall structure, 
an important consideration was the live 
load that might be expected to be pro- 
duced by the waves. The wave height 
at the existing breakwater is computed to 
be about 6.2 ft, using the Stevenson for- 
mula, H = Cv/F, with C = 1.61 and 
15 miles—the distance to the chain 
of islands lying offshore. Because of the 
partial protection afforded by the break- 
water, wave height at the sea wall can 
be expected to be somewhat less than 6.2 
ft, and a height of 5 ft was assumed. To 
compute the wave pressure, the Gaillard 
formula and others were applied. The 
pressure arrived at on the basis of this 
formula is 800 Ib per sq ft, of which half is the result of the 
potential energy and half the result of the kinetic energy, 
of the wave. Ona typical step the pressure due to potential 
energy, normal to the wall surface, is 2.02 400, or 808 Ib. 
The pressure due to kinetic energy acts in a horizontal di- 
rection against the face of the step and, resolved to a line 
normal to the slab, equals 198.5 Ib, making a total of 
1,006.5 Ib. This value, divided by 2.02, gives a live load 
of 498 Ib per sq ftof slab. To this is added a dead load of 
187 lb, making a design total assumed at 700 lb per sq ft. 

The working stress in the concrete is assumed at 750 
Ib per sq in., and the specifications are designed to give 
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bay) a distance of 300 ft, the greater 
part of this land being under water. A 
Chis property carried with it certain | ~f-~4 
riparian rights which were considered 
to have value, but of an undetermined 
amount. The city arranged with 
the owners to release these riparian 
nghts and to pay for the filling-in of 
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a concrete strength of 3,500 Ib per sq in. 
Stress in reinforcing steel is 18,000 Ib. 

Borings were taken at 300-ft intervals 
along the line of the wall, and a length 
of steel piling was driven for tests about 
every 600 ft. On the basis of these bor- 
ings and pile tests, the length of steel 
sheet piling adopted varies from 15 to 20 
ft at the south end, up to 34 ft in the 
vicinity of the Barge Docks. These 
lengths carry the cutoff wall into good 
material at all points. 

Bearing piles for the wall were origin- 
ally designed to be of either pre-cast con- 
crete or 20-lb creosoted pine, a consider- 
able investigation having led the engi- 
neers to the conclusion that the latter 
type, particularly where protected from 
the action of water or air, would have a 
life more than sufficient to justify their 
use in this project. When bids were re- 
ceived it was found that a considerable 
saving could be made if creosoted piling 
were adopted, and accordingly this type was chosen. 


The dead load on each bearing pile, disregarding the 


considerable value of the steel sheet piling and the sup- 


porting effect of the hydraulic fill, is 18 tons. The piles 
vary in length from 29 to 59 ft, depending upon driving 
conditions. Bearing values were determined from the 
Engineering News Formula, and do not take into con- 


sideration any additional value that may result from skin 
friction in the hydraulic fill. 
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Fic. 2. Typrcat Section oF Concrete WALL 

Specifications for construction of the sea wall call for 
the concrete toe, which extends 1|'/, ft below mean tide 
level, to be cast in the dry. The method adopted by the 
contractor is to fill to an elevation of +3 or +4 over 
the entire area and from 50 to 60 ft outside the line of the 
wall; and then excavate a trench in which to drive 
the sheet piling and pour concrete. The trench is un- 
watered by means of pumps. After the sheet piling 
is driven, the hydraulic fill is carried up to grade along 
the line of the wall. It is then surfaced, and covered with 
a double Kraft paper on which the concrete for the wall is 
poured. 

Principal cross-sectional dimensions of the wall are 
shown in Fig. 2. Bearing piles are on 10-ft centers in 
each direction, and expansion joints are placed at 40-ft 
intervals, using a keyway filled with expansion-joint 
material. All reinforcing is buried at least 3 in. clear, 
from the face of the concrete. 


CURING IN PROGRESS, AND A SECTION OF FINISHED WALL 
The Fill in the Foreground Is for the Construction Road. It Will Later Be 
Removed and Used for Additional Fill Behind the Wall. Mean Tide 
Elevation Is at About the Mid Height of the Bottom Step 


One of the most difficult problems of the entire project 
is the provision for taking care of storm water. At the 
south edge of the business section, a deep arroyo empties 
into the bay from a fairly large drainage area. The plans 
to handle this call for a 9-ft horseshoe structure, extending 
upstream to an elevation of about +20 and acting as a 
closed pressure sewer from that point to the discharge 
end at the sea wall. 

Throughout its length, at each street intersection, 
gravity storm sewers extend eastward through the sea 
wall. All these sewers are provided with two automatic 
gates—one at the point of discharge and one in the man- 
hole in the west roadway of the Shoreline Boulevard 
These gates will prevent a back flow at times of high tide 
Should a heavy rainfall occur at such a time, water will 
flow on the streets to the north and west to sluice gates 
through the back levee. 

In selecting drainage gates, careful study was given as 
to the kind of metal or treatment to be used, and con 
siderable correspondence was had with engineers who 
have used gates in contact with sea water. It was found 
that no particular value’can be given to bronze seats or 
to galvanizing. Where a combination of metals is used, 
the occurrence of electrolytic action may cause serious 
deterioration at the point of contact of metals of different 
composition. Gates were accordingly specified to be of 
all cast-steel or cast-iron designed for a head of 22 ft. 

The project as a whole includes the hydraulic fill, 
storm sewers, sea wall, and paving of the east roadway 
of Shoreline Boulevard (together with the necessary curb, 
gutter, walk, and splash area), from the Bascule Bridge 
to the bluffs on the south. In addition to this, three 
basins for the protection of small boats are provided. 
With the funds at first available, it was necessary to elimi 
nate certain of these features—namely, the sea wall from 
the Municipal Wharf south, one small boat basin, the 
paving of the east drive, and the construction of the 
backwater levee. The construction contract provides 
that these items be reinstated in a definite order as addi 
tional funds may be secured, and these items will now be 
completed under the extension of tax remission. 

Up to August 4, 1939, some 3,200 lin ft of wall had 
been poured, and the work at that time was pr ceeding 
at the rate of 40 lin ft (80 cu yd) per day. J. DePuy, 0! 
San Antonio, is the general contractor. J. C. Bisset, 
M. Am. Soc. C.E., is city engineer of Corpus Christi, and 
the writer's firm is consultant on the project. 
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LL too frequently, the choice 
of aggregate for a concrete 
structure is based largely 

upon accessibility and relative first- 
cost economy, the philosophy being 
that suitable fine aggregate is any 
local sand and that suitable coarse 
aggregate is any available crushed 
stone or gravel. This regrettable 
state of affairs arises from the mis- 
taken conception that aggregate is 
solely something with which to stuff 
cement paste for economy, or 
worse yet, for added compressive 
strength. 


ject 
the 


ties To realize the best results from a 
lans concrete structure, each of the three 
ling ingredients (water, cement, and ag- 
aS a gregate) must be considered equally 


important. A low and well-con- 
trolled water-cement ratio and a well- 
balanced cement type are of little 
benefit if the aggregate is unsuited 
for the member in which it is placed. 
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of Concrete,’’ Journal, 


Importance of the choice and judicious use of aggre- 
gate may be realized by observing the profound effect 
which the shape alone of coarse aggregate has upon the 
characteristics and economy of a concrete mixture. 
Figure | contains a group of curves showing the ‘‘relative 
remoldability’’ of concrete mixtures containing materials 
which are identical except for the type and shape of the 
Before discussing this illustration, 
the term “‘relative remoldability”’ as used herein is defined 
as the time required to remold, by external vibration, 
a truncated cone of concrete to a flat disk in a special 
container called the remolding apparatus. The appara- 
tus and idea originated with T. C. Powers, of the Port- 
land Cement Association (“Studies of Workability of 
American Concrete 
February 1932), and has been developed and given prac- 


By Cuarves E. WuERPEL 


HIS is the second of two articles by 

Mr. Wuerpel on the elements of 
modern concrete, designed especially for 
the engineer who has not been able to de- 
vote his time in recent years to the minu- 
tiae of the subject. The first article, 
appearing in the August issue, discussed 
the choice of water-cement ratio and the 
types and properties of cement. Now 
Mr. Wuerpel takes up the question of 
choice of aggregates, which he suggests 
does not always get the attention it de- 
serves. Even so small a factor as the 
shape of the coarse aggregate, he points 
out, may have a profound effect upon the 
characteristics and economy of the con- 
crete mixture. As for mix design, the 
“actual trial method’”’ is recommended, 
There follow several comments on the 
selection of consistency and plasticity, 
and the article concludes with discusstons 
of the uses and abuses of internal vi- 
bration and the principles of curing. 


coarse aggregate. 
Institute, 


roregate Selection and Concrete Mix Design 


With Comments on Vibration Compaction and Water Curing 
SECOND OF Two ARTICLES ON THE ELEMENTS OF MopERN CONCRETE 


ENGINEER IN CHARGE, CENTRAL ConcrETE LABORATORY, Nortu ATLANTIC Division, 
U. S. Encrneer DEPARTMENT, West Pornt, N.Y. 


sand ratio by 8 per cent. Observe, 
also, that increasing the sand be- 
yond the 30 per cent ratio caused a 
gradual upturn in the curve, indicat- 
ing lossin placing efficiency. In this 
case, the 30 per cent ratio is the opti- 
mum. 

Now, consider the curve at the 
right. This combination of mate- 
rials contained angular crushed gran- 
ite having a large percentage of 
flat and elongated particles. Ob- 
serve that the first mixture at- 
tempted contained a sand ratio of 38 
per cent and required a remolding 
time of 55 seconds. As the sand 
ratio was increased the remold- 
ability improved until the optimum 
was reached at 47 per cent sand. 
Increasing the sand beyond this 
value brought about a lessening of 
the remolding efficiency. 

Certainly it becomes apparent 
that arbitrary mixtures, such as 1-2-4, 


1-2'/,-5, or 1-3-6, for these two types of material could not 
be used interchangeably. 
rounded gravel was 1-2.45-5.76, whereas the crushed stone 
mixture was 1-2.60-2.90. The gravel mixture required 4.55 
sacks of cement per cu yd whereas the stone mixture re- 
quired 6.15 sacks per cu yd. Suppose a record was avail- 
able of an efficient mixture design made for some project in 
which the rounded gravel had been used. The data ap- 
pear to meet the requirements of a new project—the water 
ratio is right; the cement is similar; the sand,and gravel 
size and grading meet the present specification; and the 
degree of workability is just the amount desired. 
the new project, crushed granite has been purchased for 
If the old mix design were adopted, 
the first batch placed would cause considerable embar- 


The optimum mixture with the 


But on 


fill, tical application at the Central Concrete Laboratory of © 
vay the U. S. Engineer Department. The objective is to 
rb, roughly simulate, under closely controlled conditions, the 50 ' 
dge remolding of a heap of concrete, which has been dumped 
ree into a form, to its effectively consolidated final position. ¢ 
led Remembering that all ingredients are identical (in 3“ 
mi type, size, and grading) except for the shape and type of © 
= the coarse aggregate, consider the curve which begins £ 30 
larthest to the left of Fig. 1. This mixture containsa © 
well-rounded siliceous beach gravel as coarse aggregate. §& 4 
The first mixture attempted contained 22 per cent (of £20 a 3 ed 
the total aggregate present in the mix, by weight) sand ~ t oo 
and required 60 seconds to remold. An increase of 10 ay LEGEND Ci 
- per cent in the sand ratio decreased the time required © Smooth Round Gravel « Crushed Gravel 
to re mold from 60 to 30 seconds. Further increases in © Partially Crushed Gravel 4 Angular Crushed Granite 
the sand ratio, in small increments, finally reduced the 0 2 2B 32 36 0 44 8 52 56 
remolding time to 16 seconds at 30 per cent sand. Thus Sand Ratio, in Percentage of Total Aggregate 
the time required to remold these ingredients, ina plastic Fic. 1. Remotpinc Curves, SHowinc Errect oF SHAPE OF 


mixture, was reduced to one-fourth by increasing the 
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CoaRSE AGGREGATE ON MIXTURE PROPORTIONS 
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REMOLDING APPARATUS IN THE CENTRAL CONCRETE LABORATORY 
Slump Cone in Which Sample Was First Molded Has Been Re- 
moved. Remolding Is Done by Vibration 


rassment. It would be so dry and harsh that it probably 
could not be consolidated. 

The difference in shape need not be so striking as in 
the example just given. In fact, the ultimate dissatis- 
faction might be greater if the difference were much less, 
or reversed, because then the arbitrary mixture might 
be used throughout the project, with the result that 
there would be honeycombing, rock pockets, and segre- 
gation, or that the cement requirements would be waste- 
fully excessive, or the labor costs unnecessarily high. 

Good grading of fine and coarse aggregate is also of 
prime importance, because it affords a minimum of voids 
to be wastefully filled with cement paste and a minimum 
surface area to be coated and lubricated by the paste. 
Perfect grading is rarely obtainable and should not be 
sought for as much as a satisfactory grading that can be 
delivered to the mixer from hour to hour and day to day 
with a minimum of variation. A satisfactory mixture 
can be designed for most gradings of aggregate, but—and 
this should be emphasized—no design can be depended 
upon to absorb constant variations in grading. Con- 
stancy of grading can be obtained, but producers must 
be trained to produce it by continual insistence, and 
more than the usual cursory attention must be given the 
stock-piling operation to minimize or prevent the de- 
struction of uniform grading by segregation. 

The grading of fine aggregate is important in its ef- 
fect upon the finished structure as well as upon the true 
economy of the mixture, because it largely influences 
segregation. The limits of permissible variation should 
be narrower than they usually are, and in no case should 
the sand contain less than 10 per cent passing the No. 
50 sieve or less than 1 per cent passing the No. 100 sieve. 
The following is a good typical sand grading: 


Sieve Per Cent Passtno ToLerance, Per Cent 
4 97 3 
16 65 10 
15 5 
100 4 2 


Segregation in concrete has a broader significance than 
that usually attributed to it; the separation from the 
mortar and collection of particles of coarse aggregate is 
only one manifestation. Of greater importance is the 
segregation of water (called also “‘water gain,’ ‘“‘water 
rise,’ “‘bleeding,’’ and ‘‘sand streaking’’). 

The segregation of water is caused by insufficient sur- 
face area presented by the cement, sand, and coarse 
aggregate to hold it by surface tension. Much can be 
done to minimize water segregation by controlling the 
type and surface area of cement, but improperly graded 
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sand is often the principal contributory cause of this yp. 
desirable phenomenon. The tangible evidences of bleed. 
ing—that is, sand streaking and water rising to th top 
of newly placed concrete—are not necessarily the most 
serious effects. As segregated water is displaced upward 
and outward by the greater specific gravity of the solid 
materials, flow channels and capillaries of large size are 
formed, and, since particles of aggregate and horizontal] 
steel reinforcing bars restrict the upward movement, water 
is trapped on the under sides of these obstacles with a re- 
sulting complete prevention of bond. A vertical column 
of concrete broken horizontally will disclose that the ir. 
regular cleavage follows the under sides of coarse ag- 
gregate particles. If water pressure is applied in a direc- 
tion normal to the direction in which the concrete js 
placed, flow is most likely to develop along paths formed 
by the under sides of aggregate particles. This condition 
becomes more serious as the tendency toward water seg- 
regation increases. 

Fine and coarse aggregate must be structurally sound 
and inherently resistant to climatic or chemical attack 
if it is to be used in a structure which will be exposed to 
frost action or aggressive waters. The requirement for 
soundness is one of the most rigid of the acceptance re- 
quirements for aggregate used in the flood control work 
of the U. S. Engineer Department in the northeastern 
United States. It is rather simple to detect unsoundness 
in ledge rock, but glacial and alluvial gravels present a 
more difficult problem. Close visual examination of a 
gravel bed or stock pile by even a competent technician 
is not sufficient for a quantitative analysis of soundness 
The gravel must be tested by an actual freezing and 
thawing test or by a crystallization test. The Central 
Concrete Laboratory uses both, but places greatest 
reliance upon the magnesium sulfate (crystallization 
accelerated soundness test. In the latter, carefully sepa- 
rated particle sizes of the fine and coarse aggregate are 
subjected to 10 cycles of saturation (in a concentrated 
solution of magnesium sulfate) and dehydration at 
105 C. If the material loses more than 10 per cent by 
weight it is rejected unless a positively verified service 
record indicates that it is suitable for the proposed use. 


EFFECTS OF AGGREGATE ON PROPERTIES OF CONCRETE 


Aggregate affects the structural qualities of hardened 
concrete in a number of ways. For example: 

1. The modulus of elasticity of concrete, similar in 
every respect except coarse aggregate, may vary trom 
2,000,000 to 6,000,000 Ib per sq in., the lower value being 
obtained with a soft limestone aggregate and the higher 
with a crushed diabase rock. 

2. The coefficient of thermal expansion of concrete 
may vary from 0.000004 to 0.000006 in. per in. per deg 
F, depending upon the coarse aggregate. 

3. The flexural strength of concrete is materially al- 
fected by the type and shape of the coarse aggregate; 
the compressive strength is affected but slightly. 

4. The specific heat, thermal conductivity, and coel- 
ficient of heat diffusion are all affected by the type 0! 
coarse aggregate. 

5. The plastic flow, the moisture coefficient o! ¢% 
pansion, and the shrinkage coincident with cement 
hydration are affected by the aggregate, both fine and 
coarse. 

From the foregoing, it may be seen that a structure 
may be benefited or hurt materially by the choice 0! 
aggregate. 

The article in the August issue, and the foregoing pat 
of the present article, have been devoted to the com 
ponent materials of concrete, treated as more 0! less 
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separate entities. The problem of combining these 
materials effectively is next to be considered. 

There are numerous methods of arriving at the pro- 
portions fora concrete mixture. Of them all, the writer 
prefers the actual trial method. The apparatus required 
is not necessarily extensive and may consist of a shallow 


metal pan, or a table, or a wheelbarrow; a blunt-ended 


masons trowel or two; a small set of scales; several 
buckets; a puddling rod; and a slump cone. 

A fraction of a bag of the cement purchased for the 
iob is weighed out and placed in the mixing pan. The 
proper amount of water, based upon the chosen water- 
cement ratio, is added to the cement and the two are 
thoroughly mixed into a paste. Sand and gravel are then 
added in gradual increments from previously weighed 
amounts (the surface moisture content having been de- 
termined, or the aggregate being in a saturated, surface- 
dry condition) until, with continuous mixing, the mixture 
assumes the approximate consistency and plasticity de- 
sired. A slump test is made and the result recorded. 
Then by deducting the weights of sand and gravel re- 
maining from the originally weighed amounts, the 
quantities which have been added to the paste are ac- 
curately determined. With the specific gravity of the 
separate materials known, it is then possible to calculate 
the absolute volume of concrete which has been made 
with that particular fraction of a sack of cement. From 
these data the amount that can be made with a full sack 
of cement, and the weight of each material required to 
make | cu yd of concrete, are computed. 

The first time this method is attempted there is every 
possibility that the mixture will get out of hand, due to 
the excessive addition of either sand or gravel; but with 
a little practice it is surprising how close to the optimum 
mixture the first trial will come. Subsequent batches 
should be made with predetermined amounts of material 
based upon the data calculated from the pure trial batch. 
A good method is to compute the sand ratio obtained in 
the original batch and calculate several additional batches 
with sand ratios somewhat greater and somewhat smaller 
than the original. The optimum batch can then be de- 
termined as the one which gives the greatest appearance 
of plasticity at the desired slump with the minimum 
cement content. With the use of the remolding machine, 
judgment as to the maximum plasticity, optimum sand 
ratio and cement factor is materially aided. 

In selecting the proper consistency and plasticity 
remoldability ) for a concrete mixture, the controlling 
lactors are (1) the means of transporting the concrete 
irom the mixer to the forms, (2) the means of placing the 
concrete in the forms, (3) the means of consolidating 
the concrete into its final position, (4) the congestion of 
the form interior due to reinforcing steel or embedded 
items, and (5) the shape of the monolith being placed. 

Che principal means of conveyance are transit mixer, 
bottom-dump bucket, chute, 
belt, pump, compressed air, and 
the time-honored buggy. Each 
ol these requires particular de- 
grees of plasticity to obtain 
maximum efficiency and econ- 
omy 

(he principal aids to con- 
Solidation within the form are 
internal vibration, external vi- 
bration, spading and forking, 
and booting. Each of these, 
also, requires a particular degree 


Civit ENGINEERING for September 1939 $41 


respect internal vibration is the most critical, and when it 
is to be used the concrete mixture must be very carefully 
designed to give proper results. The sand ratio must be 
lower than for other methods and the optimum ratio must 
be carefully determined. Internal vibration sets up ra- 
diating oscillations which cause the materials in the mix- 
ture to settle into the densest possible mass. Any excess 
of material beyond that required for maximum density, 
be it cement, sand, stone, or water, will be excluded from 
this dense mass if vibration is prolonged. 


USES AND ABUSES OF INTERNAL VIBRATION 


Internal vibration is one of the major advances in the 
concrete industry, but it must be used intelligently. 
When so used, economy, heat reduction, increased volume 
stability, and resistance to chemical attack are effected 
by an appreciable reduction in the amount of cement 
necessary (as much as | or 1'/2 sacks per cu yd); greater 
and more uniform density may be achieved; and in- 
creased strength is possible through the practicability of 
using a lower water-cement ratio as an alternative to a 
reduction in cement content. 

Unfortunately, internal vibration is often abused. 
Frequently the attempt is made to consolidate concrete, 
designed for vibration, with insufficient or inefficient 
vibrators. Again, internal vibration is often mistakenly 
applied in steel-congested and narrow areas which require 
a fairly fluid mixture to flow around the interior ob- 
stacles. With such a mixture, vibration will result in 
serious segregation. If, on the other hand, the mixture 
is designed to prevent segregation with vibration, it will 
be too dry to place properly in the forms. 

There is considerable: argument about the optimum 
frequency of vibration. This question is far from being 
settled, but the writer feels safe in saying that satis- 
factory consolidation may be achieved with a vibration 
speed of not less than 3,600 rpm—this speed to be 
measured when the vibrator is immersed to its full operat- 
ing depth in the concrete to be placed. It should be noted 
that there are vibrators on the market whose manu- 
facturers’ claim for vibration speed is based upon their 
operation in a free condition. These vibrators may show 
as much as 5,000 rpm before immersion in concrete, and 
drop below the minimum desirable (3,600 rpm) when fully 
immersed. This indicates the desirability of testing each 
vibrator purchased in the concrete to be placed. A 
Frahm tachometer may be used for the purpose. 

The effectiveness of a vibrator depends largely upon the 
relation of its bulk and amplitude of vibration to the size 
of the member and the condition of the concrete being 
placed. The small, tubular, flexible-shaft vibrator of 
high frequency, low amplitude, and small bulk is par- 
ticularly well suited for structural members and thin 
sections in which a fairly fluid mixture must be used. 
It is easily handled and can be made to reach almost 
inaccessible spots within the 
form. This type will handle 
from 5 to 10 cu yd of concrete 
per hour. The large, two-man, 
heavy-duty type, which is used 
in the open sections of large 
dams, will handle up to 40 cu 
yd of dry, harsh-appearing con- 
crete per hour. Whatever type 
of vibrator is used, spare units 
should be available at the site to 
take care of breakdowns and 
permit uninterrupted placing of 
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VIBRATING */,-IN.-SLUMP CONCRETE 
Left: A High Cone of Concrete, Before Compacting .B Right: ‘‘Pulling Down the Cone’’—45 Seconds Later 


tion is a function of the acceleration of the vibrator and 
the inherent plasticity of the mixture, and in most cases 
it does not exceed 2 or 3 ft. The depth of effective vi- 
bration is the depth to which the vibrator tip is al- 
lowed to penetrate. The time of effective vibration 
is wholly a matter of observation and experience. Theo- 
retically, excessive vibration is harmless—on the premise 
that once maximum density is achieved no more can be 
done. Practically, a mixture is rarely designed that has 
no excess of any of its ingredients; therefore excessive 
vibration will cause segregation. A good rule is to ap- 
ply the vibrator in as near to a vertical position as is 
practicable and continue vibration until a sheen of mortar 
first appears at the surface. 

Permitting the internal vibrator to come into contact 
with the vertical reinforcing steel has been proved to be 
beneficial to bond rather than detrimental, providing the 
steel is well tied and will not be displaced. The oscil- 
lations transmitted downward below the zone of vibra- 
tion are rapidly damped out, but, to that depth to which 
vibration does reach into quiescent concrete, an improve- 
ment in bond between steel and concrete is effected. 

Permitting the vibrator to come near to or in contact 
with the form is beneficial in aiding the escape of en- 
trained air, and detrimental only to the extent to which it 
may damage the form surface by denting or burring. 

During the period of vibration, full hydrostatic pres- 
sure of about 150 lb per sq ft is exerted laterally in the 
immediate vicinity of, and to the effective depth of, the 
vibrator. If a long, flexible-shaft vibrator is used to a 
considerable depth in a thin, high-lift wall, the form pres- 
sure may be quite high, because the entire column of 
concrete above the tip of the vibrator may act as a fluid. 
On the other hand, concrete placed in shallow courses 
and vibrated at correspondingly shallow depths may 
exert less total form pressure than would a soupy con- 
crete placed entirely by hand. But in any case the form 
joints should be tight and the forms well braced. 

A curious phenomenon of internal vibration is that, al- 
though internal friction is reduced to cause full fluid 
pressure to act in the zone of effective vibration, when 
vibration is discontinued the coefficient of internal fric- 
tion becomes quite high, with a very steep angle of repose. 

IMPORTANCE OF PROPER CURING 

The motto, “Save the surface and you save all,’’ ap- 
plies as well to concrete as it does to paint. Improper 
curing affects not only the appearance of concrete, but 
its durability, permeability, and strength as well. Ap- 
parently the reasons for the need of proper curing are 
often misunderstood. The presence of an excess of water 
on the exposed surfaces of hardening concrete is essential 
to the maintenance of stress equilibrium as well as to 


the proper hydration of cement. For illustration, cop- 
sider a sphere of cement mortar whose exact center js 
occupied by a grain of hydrating cement. There is more 
water present than is necessary for complete hydration, 
but as the center particle absorbs water from the sur. 
rounding area, the expansion of the particle is not equal 
to the amount of water absorbed. To maintain equilib- 
rium, water is drawn inward toward the center. As 
hydration progresses throughout the sphere, more and 
more water is drawn inward to replace that which jis 
being drawn into the millions of cement particles. 
Ultimately the water content of the surface, if it has no 
reservoir to draw from, is seriously depleted; shrinkage 
consequently occurs, and tensile cracks develop. Add the 
effects of evaporation to the effects of this indrawing of 
water toward the center, and there is a resultant drying 
of the surface which not only causes cracks but actually 
inhibits complete hydration of the cement. This may 
be considered an exaggeration by some readers, but it 
follows the thought that we frequently build into con- 
crete differential internal stresses which later affect 
materially the stability and durability of the structure. 

For curing to be completely effective, an excess of 
water must be present constantly on all exposed surfaces 
The practice of periodic wetting is not only inefficient, 
but actually injurious, because the rapid expansion and 
contraction of the concrete surfaces, with alternate 
wetting and drying, causes excessive volumetric stresses 

Hydraulic cement will hydrate only in the presence of 
an excess of water. Considering the rate of hydration oi 
the major compounds of cement, the ideal condition is 
to maintain an excess of water for a period of at least six 
months in order to realize the maximum practicable bene- 
fit from the cement. That is, of course, impracticable oi 
achievement under most conditions, but excess water 
should be maintained for the longest time possible 
certainly not less than 7 days, and if possible not less 
than 14 days. The C;S content of cement does not com- 
plete hydration, even in the presence of water, until 
about 28 days, and the C.S content does not begin to 
hydrate until after about 14 days. As much as #5 per 
cent of the cement’s efficiency may be lost if curing !s 
stopped prematurely. Fortunately, this loss is restricted 
to the area near the surface. Capillary attraction greatly 
retards moisture loss, and dense concrete walls 2 it or 
more in thickness may show no moisture loss at depths 
greater than 4 in. even after six months of exposure to 
air with a relative humidity of about 50 per cent 

The question of substitutes for water curing frequently 
arises. There is no substitute known to the writer that 
is equal to an excess of water on the surface of concrete. 
The various patented curing materials can, at best, only 
prevent evaporation, and few accomplish that effect ively 
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Preserving the Central Valley 


A Brief Sketch of the Reclamation Bureau's Vast Project in California 


MemBeErR AMERICAN Society or Civit ENGINEERS 


By WaLKER R. Younc 


SuperRvisinc Encrneer, U. S. Bureau or RECLAMATION, SACRAMENTO, CALIF. 


HE Central Valley Project, 

latest of the Federal Govern- 

ment’s great water conserva- 
tion enterprises, actually was first 
proposed 65 years ago, in a little- 
known document called the Alex- 
ander report. That document, 
transmitted to Congress by Presi- 
dent Grant in 1874, envisioned a 
comprehensive system of irrigation 
for California’s Great Central Val- 
ley, including some canals almost 
identical in location with the main 
canals of the project under construc- 
tion today. 

Lieutenant Colonel B. S. Alex- 
ander of the Corps of Engineers, 
chairman of a Board of Commis- 
sioners appointed in 1873 to investi- 
gate and report on a system of irri- 
zation for the valley, recognized the 
fundamental water problem of the 
West when he wrote: ‘The subject 


novel one to the inhabitants of the states lying east of 
the 100th meridian where the harvests are so uniformly 
assured that a season of five or six weeks of continuous 


drought during the growing of crops 


upon as a national calamity and prayers doubtless would 


be offered in the churches for rain. 
yearly rainfall is somewhat regularly d 


the different months; but on the Pacific Coast there 


are two very marked seasons—one long, 
dry, and almost cloudless, embracing 
parts of the spring, all of the summer, 
and part of the autumn; the other sea- 
son comparatively short and wet.”’ 
Colonel Alexander recognized also 
the need for geographic as well as sea- 
sonal redistribution of water. in the 
Central Valley when he advocated a 
series of grand canals diverting both 
right and left from the main rivers in 
the foothills and skirting the edges of 
the valley to irrigate several hundred 
thousand acres of uplands where the 
natural water supply was inadequate. 
He likewise was interested then, as we 
are today, in navigation, and his report 
states that, “The canals for irrigation of 
the valley, owing to the necessity of 
giving them a gentle slope, may easily 
be made navigable.”’ 
_Sinee Colonel Alexander's time the 
“reat Central Valley, comprising the 
basins of the Sacramento and San 
Joaquin rivers, has advanced from a 
Yast expanse of grain and cattle 
ranches to an empire of diversified agri- 
culture, populated by a million people 


formation. 


FORNIA geography, which is 
continually being revised to better suit 
the use and convenience of mankind, ts 
now undergoing another major trans- 
With the completion of the 
Central Valley Project, water that has al- 
most reached the ocean via the Sacramento 
River will be pumped a hundred miles 
back upstream and turned into the San 
Joaquin; artificial rivers will stretch in 
two directions from Friant Dam; _re- 
claimed delta lands will be protected from 
sa't water intrusion; and channels long 
choked with silt will again have adequate 
water depths for commercial navigation. 
A quick survey of the project, with special 
emphasis on its present status, is Mr. 
Young's purpose in the accompanying 
paper. It has been prepared from a 
lecture on the Waterways Division pro- 
gram at the 1939 Annual Convention. 
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and representing a two-billion-dollar 
investment which is wholly denren- 
dent upon an adequate supply of 
that most precious natural resource 

water. Yet despite the fact that 
about 3,000,000 acres are now un- 
der irrigation, with the normal flow 
of many streams fully appropriated, 
Central Valley basin waters still are 
largely uncontrolled. Agricultural 
development has far outstripped the 
unregulated water supply. To pre- 
serve that rich development and 
prevent threatened retrogression of 
parts of the area is the major pur- 
pose of the Central Valley Project. 
This undertaking involves regula- 
tion and redistribution of the waters 
of the Sacramento and San Joaquin 
rivers for purposes of navigation 
improvement, flood control, sup- 
plemental irrigation, salinity con- 


trol, and electric power development. 

The story of this project, as given here, is not intended 
to be comprehensive. 
features, I wish to illustrate some of the existing condi- 
tions that are in need of correction, and then tell some- 
thing of the construction initiated to date, with occasional 
reference to work contemplated in the near future. 

As will be seen in Fig. 1, the Great Central Valley is 
in reality two valleys—the Sacramento and the San 


Rather, by concentrating on a few 


YEAR-ROUND COMMERCIAL NAVIGATION, Now CONFINED TO THE LOWER REACHES 
OF THE SACRAMENTO RIVER, WILL BE GREATLY EXTENDED BY THE 
PROPOSED OPERATION OF SHASTA RESERVOIR 


Potential Savings in Transportation Costs on Commodities Moving Between the 
Sacramento Valley and the San Francisco Bay Region Have 


Been Estimated at $ 


2,250,000 Annually 
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GRAVEYARD OF AN ORANGE GROVE IN THE SAN JOAQUIN VALLEY 
Broken Sections of Torn-Up Irrigation Pipe Bear Witness to the 
Water Supply That Failed. The Central Valley Project Will 
Furnish This Area with Supplemental Water Through 
the Friant-Kern Canal 


Joaquin. The Sacramento River flows down from the 
north and the San Joaquin comes from the south, to 
meet in a common delta, mingle in a network of channels, 
and issue together through the San Francisco Bay system 
to the Pacific Ocean. The Central Valley is almost 500 
miles long from Mount Shasta to the Tehachapi Divide, 
about 50 miles wide between the Sierra Nevada and the 
Coast Range, and varies in elevation from sea level to 
over 400 ft. Nature has endowed it with relatively rich 
soil, a semi-arid climate conducive to subtropical fruit 
culture, and several million acres of potential agricul- 
tural land surrounded by a mountain watershed of 40,000 
sq. miles. 


WATER RESOURCES OUT OF BALANCE GEOGRAPHICALLY 


The fundamental reason for the Central Valley Pro- 
ject is that within this area the water resources are out of 
balance not only seasonally, but geographically as well. 
The Sacramento basin has tributary watersheds pro- 
ducing two-thirds of all the water in 
the valley, and crop lands with only 
one-third of the valley's irrigation 
need; whereas the San Joaquin basin 
has one-third of the water, and crop 
lands with two-thirds of the irriga- 
tion need. 

Perhaps the most critical feature tranlmission 
of the conservation problem is to be 
found in the southern San Joaquin y 
Valley where at least 400,000 acres XG 
of wealth-producing lands are dan- 1% 
gerously short of water. Almost all Costa 


the normal surface flow in this region Delta ee <7, 
was fully appropriated for irrigation X 
years ago, and the farmers resorted Sen Puntging 
to pumping water from underground. z 

As this type of irrigation increased, S 
ground-water levels fell—and the © 
farmers discovered, years too late, %,. 
that their draft upon the subter- “ty 
ranean supply was greater than its i) 50 100 150 
annual natural replenishment by rain- Scale in Miles 

fall and stream flow. What this 

creeping paralysis of aridity means to Fic. 1. Principat 


the valley is strikingly illustrated by CENTRAL VALLEY Project Joaquin pumping system, taking 


¢ pp 7] treme low flow in the fall, permit res- 


tn G for September 1939 No. 5 
an accompanying picture of an abandoned orange groye 
But crops flourish when the fertile soil is adequately 
watered, and under proper irrigation the choicest pro- 
ducts of both the temperate zone and the sub-tropics 
are grown to perfection. 

In California's so-called ‘Little Holland,” at the com. 
mon delta of the Sacramento and San Joaquin rivers 
the fertile peat and silt swamps have been reclaimed over 
a period of 75 years and placed under irrigation through 
a myriad of channels. However, the extreme low sym. 
mer flow of the rivers in some recent years has permitted 
seasonal intrusion of salt water from San Francisco Bay 
into this area. The productivity of another 400,009 
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PLACING CONCRETE LINING IN THE ContRA Costa CANAL 


acres of rich lands is menaced here by saline encroach- 
ment which could be prevented by regulation of the 
river flow so as to provide constant fresh-water flushing 
of the delta waterways. This is another objective of the 
Central Valley Project. 
The Sacramento and San Joaquin rivers are indicated 
in Fig. 1 by light lines, and the principal hyhraulic fea 
tures of the Central Valley Project by heavy lines. The 
major structure is to be Shasta Dam, above Redding, 
which will create a storage reservoir with a gross ca- 
pacity of 4,500,000 acre-ft, to be operated to stabilize 
the flow of the Sacramento River, and thereby diminish 
floods in the spring, eliminate ex- 


toration of year-round navigation far 
upstream, provide constant flushing 
of the sometimes-salty waterways in 
the Sacramento—San Joaquin delta, 
and afford a surplus of water for ex- 
port to the Contra Costa area and 
the San Joaquin Valley. Hydro- 
electric power generated at Shasta 
Dam will be carried down the Sacra- 
mento Valley over a 200-mile trans- 
mission line to the San Francisco 
Bay region 
The Delta Cross Channel below 
Sacramento will facilitate the delivery 
of surplus Sacramento River water 
through the delta to the points ol 
diversion of the Contra Costa Canal 
and the San Joaquin pumping system, 
while the 46-mile Contra Costa Canal, 
taking fresh water out of the delta 
west of Stockton, will serve an indus 
, trial and agricultural area in the up 
FEATURES OF THE per Bay region. The 100 mile San 
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ty 
water out of the delta near Stockton, will carry it up the 
1 San Joaquin Valley as far as the bend in the 
river west of Fresno, to serve crop lands which now are 
ysing San Joaquin River water that is to be conserved 
and diverted at Friant Dam, near Fresno. From Friant 
Reservoir, Which will have a gross capacity of 520,000 
acre-ft, irrigation water will be diverted northerly 40 
miles, via the Madera Canal, to thirsty lands of Madera 
County, and southerly 160 miles via the large Friant- 
Kern Canal to areas of critical water deficiency between 
Fresno and Bakersfield. 
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GENERAL DESCRIPTION OF SHASTA DAM 


As designed by the Bureau of Reclamation, Shasta 
Dam is to be a slightly curved gravity-section concrete 
dam, about 560 ft high from the lowest foundation to the 
top, and 3,500 ft long on the crest, and about 580 ft 
thick at the base. A 375-ft overflow spillway section in 
the center is to be laid out on a tangent with flanking 
abutment sections curved on a 2,500-ft axial radius. 
Rolled earth and rock embankments with central con- 
crete core walls are to be used instead of concrete 
eravity construction for short sections at either end, 
where the depth to sound rock is comparatively great. 
[he completed dam and power house will contain more 
than 5,600,000 cu yd of concrete, and the dam will also 
contain 1,600,000 cu yd of earth and rock fill. 

Thirteen steel-lined outlet conduits 102 in. in inside 
diameter will be installed in the spillway section to regu- 
late outflow during periods of normal operation. Their 
combined capacity will vary from 11,000 cu ft per sec 
at maximum drawdown to 63,000 cu ft per sec with a full 
reservoir. Flood waters in excess of this quantity will 
pass over the central spillway (capacity 187,000 cu ft per 
the sec), controlled by three 110 by 28-ft drum gates. 

shing The power plant will be housed in a seven-story build- 
f the ing adjoining the spillway on the right bank. Initial 
installation is to consist of four 75,000-kva generators, 
direct-connected to 103,000-hp turbines operating under 
heads of 238 to 475 ft. Contracts have been awarded 
for the manufacture of this equipment, and provision is 
being made for the installation of one similar additional 
unit in the future. 
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EXCAVATION IN PROGRESS ON THE WEST ABUTMENT OF SHASTA Dam 


U. 8. Bureau of Reclamation Photo 
Tuts By-Pass TUNNEL aT SHAsta Dam Is Now ComMpLeteD AND 
CARRYING MAIN-LINE RAILROAD TRAFFIC 
Later On, the Construction Program Calls for Its Use to Divert 
the River Flow During Concreting Operations 


A contract for the construction of Shasta Dam and 
power plant was awarded in July 1938 to Pacific Con- 
structors, Inc.—a syndicate of 12 large contracting firms 
representing virtually every section of the United 
States—and work was started in September 1938. A 
general view of operations in the late spring of 1939 is 
shown in an accompanying photograph, taken from the 
top of the east abutment and looking toward the west 
abutment excavation. The white water tank in the left 
background marks the approximate future top of the 
dam. Most of the excavated material 
has been placed in terraced stock piles, 
seen at the right, for future use in em- 
bankment construction. 

At the bottom of the picture, on the 
west bank of the river, may be seen the 
main line of the Southern Pacific rail- 
road crossing the dam site. Late in 
June, traffic on this line was diverted 
through an 1,820-ft by-pass tunnel 
under the west abutment, and the old 
track was torn up to permit excavation 
for the dam to proceed on the lower 
west side of the canyon. When the 
permanent railroad relocation is com- 
pleted and opened to traffic, this by- 
pass tunnel will be available for river 
diversion while concrete is being raised 
in the dam. 

Railroad and highway relocation 
work in the vicinity of Shasta Dam is 
worthy of more than passing mention. 
The existing railroad out of Redding 
winds up the Sacramento River Canyon 
past Coram, the dam site, Kennett, 
and Pollock. The relocated 30-mile 
high-line now being constructed crosses 
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First Unrr or A 30-MILe RAILROAD RELOCATION AROUND SHASTA RESERVOIR 


rhis Structure, 
Bridges Included in the Project 


the Sacramento River just out of Redding and heads 
toward the Pit River east of the present route. The 
existing highway (U. S. 99) will be unchanged between 
Redding and the Pit River. The new railroad and high- 
way both will cross the Pit River arm of the reservoir 
on a high double-deck bridge, and from there on will 
follow the ridge back to the Sacramento River canyon 
to rejoin the present routes near the town of Delta. The 
new railroad line includes 12 tunnels and 8 major 
bridges. 

Of special interest is the huge Pit River Bridge, which 
will carry both the relocated railroad and the highway 
over part of Shasta Reservoir. It is believed that this 
structure will be the world’s highest double-deck bridge, 
having a highway deck about 500 ft above the present 
water level of the river. It will be 3,590 ft long—in- 
cluding a highway approach of 210 ft at the southerly 
end: a main double-deck structure 2,754 ft long over the 
canyon; and another highway approach of 624 ft at 
the northerly end. The main structure will consist of 
two simple truss spans at the southerly end, three simple 
truss spans at the northerly end, and a three-span 
cantiliver structure in the center. The upper deck, ac- 
commodating four lines of traffic, will have a 44-ft high- 
way flanked by 2'/».-ft walkways on either side, and the 
lower deck will be occupied by two railroad tracks. The 
substructure will include two piers 350 ft high. This 
bridge, soon to be advertised for construction, will re- 
quire 90,000 cu yd of concrete, 3,600 tons of reinforcing 
steel, and 16,400 tons of structural steel. 


FRIANT DAM SOON TO BE STARTED 


More than 300 miles from Shasta is the Friant Dam site 
on the upper San Joaquin River 20 miles out of Fresno. 
Bids for the construction of Friant Dam are to be opened 
by the Bureau of Reclamation in Sacramento on Septem- 
ber 7. This structure will be about 300 ft high from the 
lowest foundation to the top, and 3,430 ft long on the 
crest. It will create a reservoir with a gross storaze 
capacity of 520,000 acre-ft, of which 70,000 acre-ft is to 
be reserved for flood control and 316,000 acre-ft will be 
active irrigation storage. The dam will serve to divert 
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Four-Fifths of a Mile Long, Is One of Eight Major 


Tue Friant Dam Sire, with BurREAU OF RECLAMATION 
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water into the Friant-Kern and \ader, 
canals which will carry supplemental j; 


rigation water to parts of five counties. 
Similar to Shasta in design, but with , 
straight axis, Friant will be a gravity-sectip, 
concrete dam with an overflow spillway j; 
the center. For normal operation, six rive, 
outlets through the dam will provide for , 
maximum discharge of 15,000 cu ft per se 
In addition, there will be installed foy, 
96-in. needle-valve outlets to feed the 
Friant-Kern Canal (initial capacity, 3,50 
cu ft per sec), and two 78-in. needle-valye 
outlets to feed the Madera Canal (capacity 
1,000 cu ft per sec). 
The Friant Dam spillway, which will be 
controlled by three 100 by 18-ft drum 
gates, is designed to pass a flood of 90,00 
cu ft per sec with 18 ft of water going over 
the crest. In the spillway section the dam 
will be 260 ft thick at the base. Friant 
Dam will require 1,850,000 cu yd of con. 
crete, about a third as much as Shasta. 
Contracts awarded to date on the thre: 
principal features now under construction 
—Shasta Dam and power plant, the 30. 
mile Shasta railroad relocation, and the 
Contra Costa Canal—total about 
$60,000,000. The program soon will be extended to in 
clude Friant Dam and the San Joaquin Valley canals 
One-third of the states of the United States are repr 
sented in construction work contracted so far, and three 
fourths of the states have participated in the furnishing 
of materials and supplies. Approximately 3,000 persons hic: 
are engaged on the project by the Bureau of Reclama ‘ecla 
tion and its contractors. Federal funds made avail 
able to date total $44,600,000. Actual expenditures 
have reached $20,000,000 and are running almost 
$2,000,000 a month. 
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Protecting Chicago’s Water Supply 


/‘storical Sketch of Engineering Work, Legislation, and Litigation, from 1833 to 1938 
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HERE came a time around the 
middle of the last century when it 

Death lurked in the water, and 
How these condi- 


And 


ously and paid the extra cost out of 
its own funds. This arrangement 
prevented the polluted river water 
from discharging into the lake in dry 
periods, but during rainy periods the 
pumps were woefully inadequate for 
the purpose. 

Pollution of the lake was rendered 
even more serious at times when the 
Des Plaines River overflowed its 
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'y 3,00 \KE Michigan, from which 
le-valve Chicago derives its water sup- 
apacity ply, is second in size of the appeared that Chicago was nearing the 

‘reat Lakes of North America. Its J/imit of its growth—choked by its own 

will be water surface has an area of 22,400 filth. 
| drum «) miles, and its watershed, includ- wave after wave of cholera and typhoid 
90,000 . the lake itself, is 69,000 sq swept over the town. 
ng over miles. Over this basin the average tons were conquered is a fascinating 
he dam annual rainfall is 32 in. story of engineering achievement. 

Friant Separating the city of Chicago it is one in which chapters are still being 
of con- into three parts is the Chicago written, for 
ta. River, with its two branches—a makes continual new demands on 
three mparatively small, sluggish engineers to keep pace. 

ruction stream. A ridge of limestone about rick’s article 

the 30- »{tabove lake level, running nearly protective measures of the past hundred 
nd the yarallel with, and 10 to 20 miles years 

about stant from, the shore of Lake before the Waterways Division at the 
1 to in Michigan, forms the divide which 1939 Annual Convention. 

canals separates the watershed of the 

 Fepre ‘eat Lakes from that of the Mississippi River. 

| three lhe first sanitary regulation for the river, the original 

nshing wuree of water supply, was adopted by the village of 

VETSONS Chicago on November 7, 1833, when the village trustees 

clama- leclared it unlawful to “‘throw or put into the Chicago 

avail River, within the limits of the town, any carcass of any 

ditures lead animal or animals, under a penalty of three dollars 

almost r each offense.’’ With growth of the settlement into 


, village, the river became increasingly polluted, and 
the inhabitants resorted to the lake and to shallow wells 
in the sand. 

In 1836 the State Legislature granted a charter to the 
Chicago Hydraulic Company, a private enterprise, to 
supply the village with water. Its works, completed in 
‘42, consisted of an intake pipe enclosed by a pier ex- 
tending about 150 ft into the lake at the foot of Lake 
Street, from which water was pumped into a wooden tank 
and discharged by gravity through primitive wooden 
mains of 2 to 6-in. diameter. At that time the city, 
which had been incorporated in 1837, had a population 
4,500. 

Youthful Chicago did the obvious thing—discharged 
its sewers and ditches into the Chicago River. A small 
amount of sewage produced no appreciable effect upon 
the great volume of fresh water in Lake Michigan. An 
important aid in keeping the river in a sanitary condi- 
tion was the Illinois and Michigan Canal, opened in 
45, extending from Chicago to La Salle, 96 miles dis- 
‘anton the Illinois River. In order to supply water to 
the summit level of this canal, the state constructed the 
Calumet Feeder,’’ from the Little Calumet River near 
Blue Island generally paralleling the present Sag Channel 
Fig. 1), and erected a pumping plant at Ashland Avenue, 
where the Illinois and Michigan Canal left the South 
Branch of the Chicago River. The pumping plant, with 
‘capacity of 400 cu ft per sec, was operated only eight 
Hours a day during considerable periods, which proved 
nsufici iit to keep the river in a healthful condition. 
*° Temedy this situation, the City of Chicago obtained 
authority from the state to operate the pumps continu- 


the ever-expanding city 
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banks and discharged its flood wa- 
ters through the west fork of the 
South Branch of the Chicago River, 
flushing the city’s accumulated filth 
into the lake. Both cholera and ty- 
phoid fever were very prevalent in 
Chicago during 1849 and 1850. 

In 1851 the Legislature granted 
the city a charter to build and 
operate its own water works, and in 1854 a new wooden 
intake, 3 ft by 4 ft, was extended into the lake about 
600 ft at the foot of Chicago Avenue. The population 
of Chicago at that time was about 35,000. 

At times this new water supply was not entirely satis- 
factory. The prevalence of typhoid and other water- 
borne diseases, resulting from the gross pollution of the 
lake by sewage, and by distillery, packing plant, and 
tannery waste, reached an alarming state. A Board of 
Public Works was created in 1861, charged with the re- 
sponsibility of designing a new water supply, and two 
years later the city adopted the board's plan for a tunnel 
under the lake connecting with an intake two miles off- 
shore at Chicago Avenue. The new system was placed 
in service in March 1867. A second tunnel was com- 
pleted in 1874, and a third, connecting with the 4-mile 
crib off 14th Street, was placed in operation in 1892. 

Subsequent to these installations additional intakes 
were constructed from time to time, the latest and 
largest being the recently completed 13-ft diameter tun- 
nel extending from Chicago Avenue to a crib located 
immediately adjacent to the Carter Harrison Crib, 
13,830 ft offshore (Fig. 1). 

The water surface in the summit level of the Illinois 
and Michigan Canal, as originally constructed, was ap- 
proximately 8 ft above mean lake level. In order that 
the volume of sewage carried away by the canal might 
be substantially increased, the city decided to lower this 
level at its own expense. This work was completed in 
1871, at a cost of approximately $3,500,000. The re- 
sulting gravity flow in the canal varied between 600 and 
700 cu ft per sec. This was quite satisfactory for a few 
years, but silting occurred more rapidly than expected, 
and during periods of low lake level there was little or no 
flow down the canal. Observations in 1879 showed that 
for 30 days the direction of flow was lakeward, followed 
by 10 days with no perceptible flow in either direction. 
The typhoid rate was again high. 

It was therefore decided to build new pumps of a 
larger size at the entrance to the canal and resume the 
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use of the lock for navigation at that point. The new 
pumps, completed in ISSI1, had a capacity of 1,000 cu 
ft per sec and wrought considerable improvement. 
However, in 1885 a great flood occurred which reversed 
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the flow in the Chicago River and carried great quantities 
of sewage and accumulated sludge into Lake Michigan, 
even as far as the Chicago Avenue intake crib. In the 
same year the city created a Drainage and Water Supply 
Commission to make a thorough, complete, and scientific 
investigation of the entire subject of water supply, sewer- 
age, and drainage. 


SANITARY DISTRICT ORGANIZED; CANALS BUILT 


In 1887 this commission made a report in which it con- 
sidered every known method of sewage disposal and also 
the growing demand for a deep waterway from Lake 
Michigan to the Mississippi River. It recommended as 
a complete solution of Chicago's difficulties the follow- 
ing: 

1. That a sanitary and ship canal be constructed, 
connecting Lake Michigan at Chicago with the Des 
Plaines River at Lockport, of sufficient size and capacity 
to permit a flow of 24,000 cu ft per minute of water for 
each 100,000 of population, based on a total of 2'/; 
million people; and 

2. That this canal be constructed to such depth and 
so connected with the Chicago River as to permanently 
reverse it and send its flow through the Des Plaines and 
Illinois into the Mississippi River. 

The foregoing study led to the passage by the legis- 
lature of the Sanitary District Act of 1889, and the 
organization of the Sanitary District of Chicago. Con- 
struction of the main canal was started in 1892, and 
completed in 1899, at a total cost of approximately 
$31,163,000, exclusive of interest on bonds, and ad- 
ministrative, legal, and clerical expenses. 
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The main drainage canal extended 28 miles 


0 
Chicago River at Roby Street to the old controllin» thy <e 
consisting of a 160-ft bear-trap dam, above | ckport wit 
Ill. The canal had a depth of 24 ft and a minimum widt! Cot 
prevailing along the lower 15 miles, where the excay, 192 
tion was entirely in limestone rock, of 160 ft. } Wa 
The main channel had been designed for a dischary I 
capacity of approximately 10,000 cu ft per sec at mez; cat 
lake level, which was considered sufficient to carry awa ae 
the runoff from the heaviest rain that could be expecte; the 
in the Chicago River watershed. It was estimated th, gut 
during normal periods this quantity of water woyj; in al 
properly dilute the sewage of three million people, ty, app 
population which it was estimated would be reached } the 
1920. and 
Soon after the opening of the main canal, in order ; ae 
secure the greatest head possible for the development ,; ' 
water power, the heavy embankments enclosing th, the | 
canal were extended two miles farther downstream, wher, strai 
a new power house was constructed. The head availa) wate 
varies from 34 to 41 ft. Later, abreast of the power drai 
house, the State of Illinois constructed the first lock oj The 
the Illinois Waterway. reco 
The Calumet River, which drains the highly industria dism 
“Calumet area” in Illinois and Indiana south of Chicag rend 
proper, discharges into Lake Michigan about 12 mils abse 
south of the mouth of the Chicago River. In order; diver 
prevent contamination from this source it became neces tion 
sary to reverse the direction of flow in this stream als ant | 
This was accomplished by the construction of th Th 
Calumet-Sag Channel (Fig. 1) which was begun in 19 mast 
and completed in 1922, at a cost of approximatel essar 
$14,175,000, exclusive of interest on bonds, and ad Sanit 
ministrative, legal, and clerical expenses. The completed diver 
channel was 16.2 miles long, 20 ft deep, and 60 ft ir leter 
minimum width. The flow is regulated by sector gates in o de 
tke Blue Island Lock. ‘able 
Other work carried out by the Sanitary District work: 
Chicago has included the extension of the main channel essar 
through Joliet, the widening and deepening of the South under 
Branch of the Chicago River, the construction of the, tity « 
North Shore channel, the construction of intercepting way 
sewers, sewage pumping stations, and so forth. Th nois 
total construction cost of the dilution system, not in not a 
cluding the power house and electrical distribution Th 
features, was approximately $81,000,000. enjoit 
RESTRICTIONS AND LITIGATION, 1899-1950 a 
When the main channel was nearing completion, th ft per 
Secretary of War, on May 8, 1899, issued an operating fied tl 
permit to the Sanitary District, which included the iol- at the 
lowing condition: The 
“That if, at any time, it become apparent that the after ; 
current created by such drainage works in the South anc pletio; 
main branches of Chicago River be unreasonably ob aS soc 
structive to navigation or injurious to property, the pleted 
Secretary of War reserves the right to close said dis his rec 
charge through said channel or to modify it to such that v 
extent as may be demanded by navigation and proper) way a 
interests along said Chicago River and its South Branch haviga 
Subsequently, upon complaint of navigation interests by the 
the Secretary of War restricted the discharge, and “ ‘M, 7. 
December 5, 1901, issued a permit limiting the flow t Mt the 
4,167 cu ft per sec throughout the 24 hours. 1 his per _oL 
mit was in force until March 3, 1925, and was the one! Dy the 
volved in the litigation between the United States a" ns - 
the Sanitary District of Chicago. ween 
This litigation involved the question of the auth ity Propos 
of the Secretary of War. In attempting to comply" “. 
ded the plete s 


the state law, the Sanitary District had excee 
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|,167 cu ft per sec, and the Government filed 
13 to enjoin the taking of more water than that 
d by the Secretary of War. The Supreme 


limit 
suit 


author 
Cont the United States, in its decision of January 25, 
\925, upheld the authority of the Secretary of 

War. 


The Sanitary District thereupon filed appli- 
cation {or a@ permit to divert 10,000 cu ft per 
sec from Lake Michigan, and on March 3, 1925, 
the Secretary of War issued a permit which 
authorized the diversion of 8,500 cu ft per sec 
in addition to the domestic pumpage, which was 
approximately 1,500 cu ft per sec. By 1925 
the Sanitary District included all of Chicago 
and 49 other cities and villages, covering a total 
area of 437.4 sq miles. 

In the litigation between the lake states and 
the Sanitary District, the former sought to re- 
strain the Sanitary District from diverting any 
water whatsoever from the Lake Michigan 
drainage basin into the Mississippi watershed. 
(he special master who heard the testimony 
recommended that the bill for injunction be 
dismissed, but the Supreme Court in an opinion 
rendered January 14, 1929, held that in the 
absence of affirmative action by Congress, the 
diversion, since it was for purposes of sanita- 
tion, had no legal basis and that the complain- 
ant lake states were entitled to a decree. 

[he case was then re-referred to the special 
master to determine what measures were nec- 
essary for the disposal of the sewage of the 
Sanitary District through means other than the 
diversion of water from Lake Michigan; to 
determine the time required to build the necessary works; 
to decide what reductions in diversion would be practi- 
able from time to time, pending the completion of such 
works; and to determine what diversion would be nec- 
essary for maintaining navigation in the Chicago River 
under healthful conditions. The question of what quan- 
tity of water might be needed for the Illinois Water- 
way was excluded from consideration because the IIli- 
nois Waterway, from Chicago to Starved Rock, was 
not at that time a federal project. 

The Supreme Court in its decree of April 21, 1930, 
enjoined the Sanitary District from diverting any of the 
waters of the Great Lakes watershed through the Sani- 
tary Canal in excess of an annual average of 6,500 cu 
it per sec, in addition to domestic pumpage; and speci- 
fed that the figure of 6,500 was to be reduced to 5,000 
at the end of 1935 and to 1,500 at the end of 1938. 

The River and Harbor Act approved July 3, 1930, 

alter authorizing the expenditure of $7,500,000 for com- 
pletion of the Illinois Waterway, provided further that 
as soon as practicable after the waterway was com- 
pleted, the Secretary of War should report to Congress 
his recommendations as to the minimum amount of flow 
that would be required to meet the needs of the water- 
way and that would not substantially injure the existing 
navigation on the Great Lakes. This report was prepared 
by the District Engineer in 1933 and published as H.D. 
‘M, 73d Congress, 2d session. Two of the conclusions 
i the District Engineer read as follows: 
_ |. The diversion from Lake Michigan prescribed 
oy the Supreme Court, plus the pumpage, is sufficient 
oe the operation of the locks and dams now in use be- 
‘ween Lockport and Starved Rock, as well as for those 
Proposed in this report. 

-. The program of construction of plants for com- 
plete sewave treatment should be carried out, diversion 
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should be reduced as required by the Supreme Court 
decree, and navigation conditions along the waterway 
and river should be observed for a short period subse- 
quent to January 1, 1939. Then, and only then, can it 
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be determined with reasonable certainty whether any 
additional diversion is necessary in order to provide 
decent and healthful living conditions for bcat crews and 
river terminal operators. The improvements for navi- 
gation herein proposed must be completed before 
January 1, 1939.” 

After the opening of the main canal, reversals of flow 
in the Chicago River became so infrequent and of such 
short duration that an unjustified sense of security had 
been created. A rude awakening occurred on August 11, 
1923. During the night a very heavy rain fell through- 
out the city. The canal was being operated in the cus- 
tomary manner, with approximately 11,500 cu ft per sec 
passing through the turbines, and as daylight dawned, 
part of the turbines were closed down. Soon after day- 
break the bridge-tenders along the Chicago River dis- 
covered that the river was running toward the lake, carry- 
ing with it into the city’s drinking water an enormous 
amount of indescribable filth which had been flushed out 
of the North Branch. Nothing was done to stop the lake- 
ward flow of filth until nine o’clock when the Sanitary 
District officials, learning of the situation, telephoned to 
Lockport to operate all of the generators and open the 
bear-trap gates; however, the flow toward the lake was 
not checked until noon. Fortunately, a strong wind from 
the south drove most of the surface material to the north, 
where it was trapped inside of the outer breakwater. 
Only a small amount of pollution passed through the main 
channel opening in the outer breakwater. 

Had there been proper coordination between observers 
in Chicago and operation at the Lockport power house, 
it would have been possible to greatly reduce the period 
of reversal, by temporarily increasing, rather than de- 
creasing, the flow at the power house during the early 
morning hours. Immediate steps were taken to remedy 
this condition, and the few reversals that have occurred 
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since have not been of long duration. However, the con- 
clusion was reached by the U.S. Engineer Office and con- 
curred in by the Sanitary District engineers that to pre- 
vent such reversals under all conditions, a flood gate or 
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controlling works should be built in the Chicago River, 
near the mouth. In the War Department permit of 
March 3, 1925, one of the conditions accordingly provided 
that the Sanitary District should construct such a gate 
to be ready for operation by July 1, 1929. 

Following the issuance of the permit, the Sanitary 
District and the U. S. Engineer Office cooperated in the 
preparation of various plans for such works. The plan 
that originally met with the greatest favor was a steel 
pontoon gate hinged at one corner to one of the abut- 
ments of the Outer Drive Bridge. Normally the pontoon 
would have occupied a recess in the north dock wall, 
leaving an unobstructed navigation channel 220 ft wide 
between the bridge abutments. Whenever there was 
danger of a reversal, the pontoon would have been swung 
across the channel and lowered to a substantially water- 
tight connection across the bottom of the river. 

These plans encountered Department objections on the 
grounds that such a flood gate when closed would com- 
pletely bar navigation between the lake and the river. 
The District Engineer was accordingly requested to give 
consideration to plans that would assure uninterrupted 
navigation, and in 1928 he submitted general plans for 
a standard concrete lock to be located at the mouth of 
the Chicago River, and also a plan which utilized the 
existing dock walls for lock walls, using the full width of 
the river asalock chamber. Following this, on request of 
the Chief of Engineers, a comprehensive report was pre- 
pared including plans and estimates for all feasible 
methods of preventing reversals of flow. 

This report was submitted by the District Engineer 
on March 11, 1929. Plans were developed for utiliza- 
tion of a lock at any one of three different locations. 
Another scheme contemplated construction of a lock, 
with Tainter gates, in the Sanitary Canal, about 1'/, 
miles below its head; this would leave the Chicago River 
free of all hindrances to navigation, but had the disad- 
vantage that some polluted water would escape into the 
lake before reversal could be accomplished by opening 
the gates at Lockport. Many other plans were also 
considered. However, objections were presented to 
all these proposals—some by the Sanitary District, 
some by other local interests, some by the Engineer De- 
partment, and some by navigation interests. As a result, 
the Chief of Engineers withheld his approval of any of the 
plans advanced. 
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This was the status on December 19, 1932, w! 
complaint of the other lake states, the Supren 
appointed a special master to determine the , 
the delay. The hearing was commenced the | 
month, but for some time following it nothing ws don, 
The Sanitary District realized that it would be necessary, 
to build a large lock at some location, but was withoy 
the necessary funds. 

Early in May 1935, engineers of the Sanitary Distr; 
of Chicago called on the District Engineer to discuss th, 
matter of controlling works. It was believed by all tha 
a lock at the mouth of the river was the most desirabj, 
solution, particularly at this would make it possible ; 
keep the water in the Chicago River at or near —9, 


Upon 
Court 
of 
lowing 


Chicago City datum, thus securing a maximum vertica) bui 
clearance under the Chicago River bridges, as wel] a wic 
those along the Sag Channel and the main canal of thy Chi 
Sanitary District, and would be the least obstructive ; the 
navigation. Thereafter, on September 21, 1935, th des 
Sanitary District secured from the Public Works Ag. lock 
ministration an allotment of $3,000,000 for the cop. Dat 
struction of such works. 5 f 
The plans recommended by the Sanitary District called coff 
for two concrete walls across the river, a short distance pilit 
east of the Michigan Avenue Bridge and 800 ft apart solic 
Each wall was to be provided with a pair of mitering lock excé 
gates giving a clear opening of 110 ft. As the head would no i 
never be very great, the existing bulkheads along tly was 
banks of the river were to be used for lock walls. It was type 
proposed to use this lock only when there was a tendency f st 
for the river to flow into the lake. whic 
Adjacent property owners registered strong protests was 
against this plan and gave notice that they would de. inter 
mand very large damages; other interests also objected satu 
Two subsequent proposals met with similar disfavor A 
and finally the Chief of Engineers authorized the Dis line 
trict Engineer to advise the Sanitary District that favor cell ; 
able consideration would be given to the substitution tests 
a complete lock 80 by 600 ft in the clear, located about drair 
1,800 ft east of the Outer Drive Bridge, the lock walls zonti 
to be parallel with the Navy Pier, and connected with a fev 
existing structures. rn 
d 0 
LOCK PLANS FINALLY APPROVED; WORK COMPLETED oie 
On February 8, 1936, the Sanitary District submitted ted. 
plans in accordance with these suggestions (Fig. 2 ducit 
These plans provided for steel sheet piling along the cast but ¢ 
half of the U. S. North Pier and along the north 1,60 Th 
ft of the U. S. Inner Breakwater, to secure water with 
tightness and prevent polluted river water from entering A th 
the harbor. As all the features previously objected to had sheet 
been eliminated, another public hearing was unnecessa) Land 
Such civic bodies as were interested in the matter cot Th 
sidered the new plans excellent and suggested no change Sign \ 
A permit for construction was accordingly issued used 
March 12, 1936, subject to the provision that the works perint 
should be maintained and operated by, and at the & and p 
pense of, the Sanitary District, under the general super used 
vision of the District Engineer and subject to such regu maug 
lations as might be prescribed by the Secretary of Wa featur 
On August 11, 1936, construction was started, and 0 equip; 
September 7, 1938, the lock was officially openec to and 
navigation. It has proved satisfactory to date, and . an 
concerned believe it will fulfill the twofold purpos built 
sanitation and navigation for which it was designed —— 
Credit for compiling the data presented in this pape a 
is due to John W. Woermann, M. Am. Soc. C.E., !0" Pe 
merly Principal Engineer (Civil), now retired and * - te 
ployed by the U. S. Engineer Office, Chicago, 
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Sheet-Pile Cofferdams and Test Cell for 
TVA Projects 


Seventh of a Series on Modern Construction Tools and Practice 


By R. T. Cotsurn, W. Am. Soc. C.E. 


ConstrucTION PLant ENGINEER, TENNESSEE VALLEY AUTHORITY, KNOXVILLE, TENN. 


\.E of the major construction X PERIENCES 
() iperations on the lower Ten- 

nessee River projects was the 
building of cofferdams. The Pick- 
wick Landing, Guntersville, and 
Chickamauga projects have all used 
the circular-cell sheet-pile type of 
design. Figure 1 is a view of the 
lock cofferdam at Pickwick Landing 
Dam. This cofferdam had a head of 
55 ft, measured from the top of the 
cofferdam to the base of the sheet 
piling, which rested directly on the 
solid rock. The cofferdam area was 
excavated completely down to rock, 
no inside berm being provided. It is believed that this 
was the highest cofferdam of the circular sheet-pile cell 
type ever designed without a berm or some other from 
{ support on the inside. It was fully tested by a flood 
which came within a few inches of the top, and no distress 
wasevident. Weep holes cut in the inside cell walls were 
intended to reduce the internal pressure resulting from 
saturation of the cell. 

A test was made to provide a check on the saturation 
line by means of a row of pipes driven vertically into a 
cell across a section of the cofferdam. The results of the 
tests indicate that although provision was made for 
draining the cell, the saturation line was nearly hori- 
zontal over about three-quarters of the cell and only 
a few feet below the level of the river, the exact amount 
at any particular time depending on the rate of rise or 
fall of the stream. When the water rose to the top of the 
cofferdam for several days the entire cell became satura- 
ted. The weep holes probably resulted in partially re- 
ducing the internal pressure even under this condition, 
but did not prevent saturation. 

The cofferdams were built with standard 15-in. piling 
with */s-in. web, and were filled with sand and gravel. 
A theoretical interlock stress of 8,000 Ib per lin in. of 
sheet pile was used as a working stress on the Pickwick 
Landing cofferdam 

The method of erection as well as the de- 
‘ign was given careful study. The method 
used was developed by J. E. Walters, su- 
perintendent at Pickwick Landing Dam, 
and proved so successful that it was later 
used on both Guntersville and Chicka- 
mauga dams. Figure 2 shows the principal 
feature of this method—a circular templet 
‘quipped with spuds, which was handled 
and set in place by two skid derricks 
mounted on barges. This templet was 
duilt of pipe, welded together and suitably 
oraced, providing a strong structure light 
‘nough to be handled by the floating der- 
[he operation consisted of setting 
‘he templet in place and anchoring it by 
means of the spuds, setting the piling 
around the templet with the derricks, and 


sheet-pile cofferdams 
of articles. 


of such structures at 


deep, sheet-pile-lined 


at the Society's 1939 


Valley Authority with circular-cell 


burn’s second contribution to this series 
By text and pictures he de- 
scribes the construction and demolition 


dams, and the tentative plans for similar 
work at a fourth location. 
freezing to aid in the excavation of a 


cussed. This articlei 
the program of the Construction Division 


s part of a paper on 


Fic. 1. 


of the Tennessee then driving the piling evenly 
through the overburden to rock. 
With completion of the cell the 
templet was lifted out and placed in 
position for the next cell. The com- 
pleted cell was filled with gravel and 
sand by a hydraulic dredge. 

Among the reasons for using cir- 
cular cells instead of the are dia- 
phragm type were the following: 
There was less construction hazard 
due to the fact that they could im- 
mediately be filled; the circular 
templet was easier to handle than 
that required for the arc diaphragm 
type; and for this height of cofferdam, there was no 
saving in the amount of sheet piling by the use of the 
are diaphragm type. 

The same sheet piling was re-used on each of these 
projects for each of the three successive cofferdam stages. 
Pile pulling was done in some cases from the floating rigs 
and in some cases from a crane mounted on top of the 
cofferdam. In most cases, a pile extractor of the stand- 
ard type was all that was required. However, at Pick- 
wick Landing Dam, where it was necessary to provide a 
greater pull, the arrangement shown in Fig. 3 was used. 
With this arrangement of sheaves and extractor attached 
to two cranes, a total pull of 175 tons was possible. The 
cell was partly excavated before pulling operations be- 

an. 
s Driving performance on lock cofferdams for the three 
projects has been as shown in Table I. The average costs 
for driving and pulling piling at Pickwick Landing Dam 
for all three cofferdam stages were as follows: 


constitute Mr. Col- 


three of the TVA's 
The use of 


test cell is also dis- 


Spring Meeting. 


Handling and hauling . $1.405 per ton 
Templets . 2.541 per ton 
Setting piling 5.602 per ton 
Driving 3.639 per ton 


Pile pulling ’ 6.279 per ton 


Lock COFFERDAM AT PICKWICK LANDING Dam 
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splice above normal water level . tha 
the lower section of piling can be pulled = 
The fill material will be sand an gravel ba 
dredged from the river bottom. Te long. to 
length piling and the presence of ©. er 49 ph 
of overburden in the bottom of the river pa 
involves some special construction method: | 
which were not present in the earlier Ty, pr 
cofferdams. The exact construction method: - 
have not yet been completely worked oyt_ n 
On all projects where sheet-pile coffer ad 
dams have been used, the river diversio; a 
scheme and construction stages have beep “ 


first checked and tested in the TVA hy 
draulic laboratory at Norris. Figure 5 shows 
such a model test being conducted for the 
Pickwick Landing cofferdam. Velocities oj 
the water in the restricted river channel 
in each stage were observed, and the effects 
of increased velocity on navigation and 
bank erosion, and in some cases bridge- 
pier erosion below the dam, were deter. 
Fic. 2. CorrerpAM ErREecTION METHODS 
Upper Left, Templet in Place; Upper Right, Setting Piling for Cofferdam Cell a 
Around Templet; Lower Left, Transferring Templet from Completed Cell to Posi- vac «4 a ied, and the cofferdam plar 
tion for Starting Next Cell; Lower Right, Filling Cells by Dredge thus established. Tests of severuh ame 
river diversion schemes were made to 
confirm the theoretical analysis, and such 
The total number of tons driven and pulled in three studies were the basis for determining the river diversion 
stages was approximately 13,800. The cost figures in- scheme best suited to the construction program. 
clude labor, equipment operation and depreciation, and A unique construction operation was conducted at 
miscellaneous expense, but do not include cost of piling. Gilbertsville Dam a year ago while sinking a 20-f 
Discussion of the projected Gilbertsville cofferdam 


seliatiaiate is somewhat pre- TABLE |. DRIVING PERFORMANCE ON Lock CorrERDAMS 
22 000 Lb liminary at present Total AveracGe Averace Dtam No 
aa Part Line) as the final design LOCATION SQUARE LENGTH DepTu oF Hes. pee 
otill 3 of or Lock Feet or or OvErR- For Fic. |! 
1S ili in process O DrIvEN PILING BuRDEN Cetts Cownsreve 
being worked out TIoN* 
Pickwick .... . 388,988 51’ 14’ 58.89’ 21 Here 
by the TVA central Guntersvilie’ | | | 240,654 39.8” 6’ 42.97" 19 
Construction Plant Chickamauga . . . 288880 43’ 13’ 47.75’ 29.441 
erent erent Div sion office. The * For setting templet, setting and driving piling, removing templet, moving 
tentative cross-sec- equipment, and delays 
tion is shown in t At Chickamauga Dam the rock bottom was extremely uneven and in some 
me . . cases piling was driven 30 ft below the normal rock bottom, which made \' bedr 
Extroctor Fig. 4. It is in- necessary to do a considerable amount of splicing. This difficult condition press 
Steam Hose teresting to note accounts for the longer time required to complete the cells on this project : 

Irom 
that this cofferdam aval 
will be from 90 to diameter test shaft 95 ft through the overburden to bed- , On 
100 ft high, and the rock. This shaft was undertaken in order to study the ieee 

7 2s cofferdam for each effect of driving sheet piling 95 ft through overburden, to al 

oO stage will be ap- observe the condition of a fairly large section of bedrock, cuire 

Equalizer Plate pre »ximately 2,700 gine 

oko lo ft long, avail 

an area of approxi- arran 

O mately 22 acres. 148 Piles show: 
175. This is a pioneer §2 

design owing to its 24 Piles 
magnitude,theonly 


Fic. 3. ARRANGEMENT OF SHEAVES anp KOwn = preceden 

EXTRACTOR FOR PULLING PILEs for it beingatGrand 

Coulee where a sec- PLAN 
tion of cofferdam was 90 ft high. There is at present Water 6338 
a cofferdam of similar design 85 ft high on the Dela- yal) “ames 
ware River aqueduct project at the Kensico Reservoir Overburden  t i 
in New York which is very nearly comparable. A SECTION 
Designs are being carefully studied and extensive tests ed ‘Roadway and 
of fill material and photoelastic model investigations a een 
have been made. It is planned to drive 70, 75, and 80-ft Rock EI eS eee 


lengths of piling, which will constitute the lower three- 
quarters of the cells, and piece out the top with short Fic. 4. Typrcat Section or COFFERDAM . 
lengths to the required height. This will bring the GiperTsviLLeE Dam Project (PRELIMINARY STUD! 
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ie an opportunity for diagonal drilling from the 


to 
ela the shaft, to observe the effect of grouting, and 
+) det :mine the type of overburden. Figure 6 is a 


photo iph of the interior of this shaft when it was 
partly <cavated. 
Shec' piling was driven to rock, and as the excavation 
ed, bracing rings were added. With considerable 
difficulty the excavation was carried to within about 12 
ft of the bedrock. At this depth the water pressure, 
aided by a number of leaks and some separations which 
ecurred in the interlock of the piling caused a serious 
blow and prevented further progress by this method. 
Grouting the bedrock with cement proved very satis- 
factory. Over- 
burden grouting 
with cement and 
bentonite proved 
partially success- 
ful and the leak- 
age was greatly 
reduced, although 
the percentage of 
effective grout to 
the total amount 
used was very 
small. After the 
blow it became 
evident that 
grouting the over- 
burden could not 
be counted on to 
complete the 
shaft. The freez- 
ing of an earth 
embankment to 
prevent slides at 
Grand Coulee 
suggested the idea 
of freezing a ring 
around the perim- 
eter of the shaft 
and sealing it into 
bedrock. Refrigeration units, including ammonia com- 
pressors and auxiliary equipment, were available for use 
irom TVA-owned Muscle Shoals properties, and the cost 
involved was only that for installation and operation. 
One freezing unit with a capacity of 23 tons of re- 
irigeration, or the equivalent of 6,700,000 Btu in 24 
hours, was placed in operation on February 9. This re- 
quired about 50 hp to carry the load, but a gasoline en- 
gine of somewhat larger size was used because it was 
available. Figure 7 shows the top of the shaft with the 
arrangement of headers and freezing wells. Figure 8 
shows a typical section of a freezing well. This well con- 


pr cet 


Fic. 5. Hyprautic Mopets PLay A 
In SHAPING CONSTRUCTION PLANS 
Here the Surface Currents and Velocities 
at Pickwick Landing Are Being Investi- 
gated, with the “Second Stage”’ 
Cofferdam in Place 
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KING Down Into Test GrLBeRTSVILLE Dam 
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sisted of a 4-in. 
pipe casing driven 
\ to rock. Inside 
this casing a hole 
was drilled into 
the rock about 3 
ft. A 2-in. pipe 
closed at the bot- 
tom and contain- 
ing within it a 
l-in. pipe open at 
the bottom were 
connected at the 
top to the brine 
exit header and 
the brine inlet 
header, respec- 
tively. The brine 
circulated down 
through the l-in. pipe and back up the 2-in. pipe. These 
wells were spaced about 30 in. apart around the circum- 
ference of the shaft. The freezing process was delayed 
considerably by the rise and fall of the river, with the 
resulting inflow of warm water and outflow of cold water 
from the shaft. On March 28 it was decided to install 
an additional 
freezing unit, 
which was placed 
in operation on 
April 20, doubling 
the capacity of 
the plant. 

It appears from 
experience that 
the amount of re- 
frigeration re- 
quired should be 
considerably more 
than theoretically 
calculated, in 
order to provide 


Top or Test Swart at 
BERTSVILLE, WITH HEADERS AND 
FREEZING WELLS IN PLACE 


Fic. 7. 
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> Connecting Hose 


Header 


100° (Approx.) 


against unforeseen Pipe 
difficulties such as 

the rise and fall tiniees 
of ground water. 

With the twounits 

in operation, freez- 


ing progressed 
sufficiently to per- 
mit unwatering 
the cell on May 
16. The excava- 
tion was then carried to bedrock, and observations and 
drilling were completed. 

The coating of ice on the interior of the piling in the 
cell was about 18 in. thick, and it was observed that the 
thickness of the frozen overburden around the outside 
of the cell probably averaged 3 ft. The operation was 
carried on under direction of E. A. Prokop, construction 
engineer, and under supervision of B. W. Goodenough, 
senior engineer, and R. F. Rhoades, associate geologist. 

Parenthetically, another application of refrigeration 
to construction purposes may be mentioned. At 
Hiwassee Dam, a freezing unit similar to those installed 
at Gilbertsville is being used to cool the mixing water 
for concrete. In warm weather this water is brought from 
between 80 and 85 F down to between 40 and 50 F. This 
reduces the internal heat in the concrete and is believed 
to reduce the number of shrinkage cracks in the com- 
pleted structure. 


Fic. 8. TypicaL SECTION OF 
FREEZING WELL 
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Professional Standards vs. Mass Product on 
in Engineering Schools 


By Georce C. Ernst, Assoc. M. Am. Soc. C.E. 


Assistant Proressor or Civit ENGINEERING, UNIVERS!TY OF MARYLAND, CoLLece Park, Mp. 


HE professional status of engineering, and the 

educational policies, staffs, and graduates of the 

engineering schools are being subjected to a close 
scrutiny by the professional engineer with a view to 
correcting certain existing evils in the profession. Such 
activity merits more than a casual interest on the part 
of the instructional staffs. 

Certainly the objectives of a professional school should 
be (1) the development of a true professional attitude in 
those (and only those) capable of maintaining the highest 
of professional standards, (2) professional growth of the 
teaching staff, and (3) thorough instruction in the tech- 
nics of the profession, which should be distinguished 
from mere routine drill in the so-called fundamentals. 

Mass production in education, accomplished by large 
classes, heavy teaching loads, or a combination of the 
two, will necessarily bring teaching to a lower level than 
that demanded in item (1) above. Professional growth 
of teaching staff (item 2) under such conditions will be of 
doubtful quality, while the technics of the profession 
(item 3) will rarely be touched upon in the routine of the 
classroom. Frankly, a profession should be little con- 
cerned with the quantity or quality of material tempo- 
rarily absorbed by the students under such conditions. 
Even if complete attainment of instructional aims is 
assumed, it is inconceivable that a professional attitude 
would develop in every individual under the conditions 
of mass instruction. It is true that engineers of pro- 
fessional grade have been and can continue to be pro- 
duced by methods of mass instruction, but the gradua- 
tion of a uniformly high-grade product (as should be 
demanded by a profession) is certainly impossible. 

Approximately a decade ago the S.P.E.E. (Society 
for the Promotion of Engineering Education) published 
the comprehensive report of ““‘The Investigation of 
Engineering Education” (conducted from 1922 to 1933), 
containing a thorough analysis of personnel and cur- 
ricula, with certain recommendations with regard to 
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each which would allow for student instruction and stag 
development of a professional grade. Quoting from 
this report (Vol. 1, page 292) of ten years ago, “The time 
seems to be ripe for lessening the burden on the individyal 
teacher of the formal undergraduate teaching and {o; 
an increase in the time devoted to more advanced jp. 
struction, to engineering practice, research, and to what. 
ever tends to enrich and develop the teacher as an engi- 
neer and a man.” 

Figures 1 and 2 merit attention in this respect. [py 
Fig. 1, the teaching staffs of 110 institutions (as re. 
corded in the latest catalogs), taken to include the 
grades (exclusive of those engaged solely in research 
of professors, associate and assistant professors, instruc- 
tors, associates, assistants, and 50 per cent of the teach. 
ing graduate assistants, have been plotted against total 
undergraduate day-school enrolments for 1938-1939 as 
recorded in the Journal of Engineering Education {or 
January 1939. The S.P.E.E. report on engineering edu- 
cation recommended a teaching load of 15 classroom 
hours per week and gave data resulting in an average 
total semester hour credit for the students of 82.5 for 
engineering subjects. The average number of labora- 
tory hours per staff member, as stated in the report, was 
equal to slightly over 10, which would produce an ay 
erage credit hour load of 9 (based upon 3-hour labora- 
tories) to correspond to the 15 classroom hours. No 
recommendations or existing averages for the exceedingly 
important factor of the number of students per classroom 
or credit hour is available in the report. Published infor 
mation on this subject appears to be non-existent except 
for a thorough discussion several years ago by Professor 
L. O. Stewart, Assoc. M. Am. Soc. C.E., of Iowa Stat: 
College (Proceedings, S.P.E.E., Vol. 42, 1934, page 225 
Journal No. 3, 1933). Except for a very few institutions, 
the methods of handling class instruction do not differ 
materially, and the average number of students in each 
class for various schools should be approximately constant 
for equal teaching loads. Figures most frequently stated 
verbally are 12 to 16 for experimental or surveying labo 
ratories, 15 to 20 for problems courses, 25 to 30 for purely 
lecture courses, and 20 to 25 for drafting periods. The 
larger figure in each case might be considered somewhat 
high for effective professional training. The solid straight 
line in Fig. 1 is plotted for 9 credit hours per full-time 
staff member, 82.5 semester—credit hours of engineering 
per student, and an average of 20 students per credit hour 
(or classroom meeting). 

In Fig. 2, the 110 institutions have been ranked ac 
cording to the number of student-credit hours per 
structor per term calculated by using an average o! Ux 
total engineering credits (from the catalog of the school 
required in the curricula in chemical, civil, electrical, 
mechanical, and mining engineering. .Although enrol 
ments in the various curricula vary and addition@ 
curricula are offered in some schools, the diagram co’ 
rects for major differences in the quantity of engimeeri™s 
required by various institutions. It may be seen that 
the adjustment of such differences does not compens4'* 
for the scattering shown in Fig. 1. Limitation of re 
enrolment ratios would narrow this scattering marked!) 
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it.  vident that the major- | 
ityol wffmembersmust becar- 
ning ore than 15 classroom 
hours per week (or 9 credit 
hours on the average, or the ra 
number of students per i 
classroom (or credit) hour 1S In 
excess of 20, or, as is generally 5 
binati f th 
the case, a combination o e =& 
two has been accepted as an 


Grouping of the staff facilities 
is shown in Fig. 2 with 135 stu- 
dent-credit hours per instructor 
taken as the upper limit for the 
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be better utilized elsewhere. Such students certainly 
receive a portion of a “‘liberal’’ or “‘general’’ education 
at the expense of a professional staff. The history of 
engineering and the ethics of professional practice (two 
essential subjects in any professional education) are 
virtually impossible to “‘get across’ in mass education 
and hence are found in a relatively small number of 
curricula. Such subjects, however, aid in the develop- 
ment of the proper attitude and would help in main- 
taining a high student morale. 

In general, present engineering teaching staffs would 
be adequate if enrolments were restricted to students 
of sound professional quality. The accrediting by the 
E.C.P.D. has provided a powerful influence in the devel- 
opment of the laboratory facilities and in the strengthen- 


pre‘erable group, 135 to 180 for § ing of the curricula of the smaller engineering schools, 
the limits of good staff facilities, 852 2 but it is doubtful if mere omission from the accredited 
iN) to 225 for acceptable, and =< list would effectively produce a selective restriction of 
above 225 as questionable. For By % enrolments, principally because the need for restriction 
these limits, 32 per cent of the °% : is so general. Recommendations as to the appropriate 
publicly supported schools fall & ratio of undergraduate teaching staff to total undergradu- 
in the upper two groups, while 3 ate enrolment, or recommended limits for average 
the percentages for the private | student classroom hours per 
and denominational are 60 per — staff member, however, would 
cnt and 38 percent, rsp ————, | be of great aid, if not consid- 

tively. Accurate ranking, of ——' WZAPrwvate ered solely as a recommenda- 
course, should be based upon = IB Denominational £ _ tion for enlargement of staff. 

actual student classroom hours —— CZ Public and Private F The symposium of the Com- 
computed from existing teach- % mittee on Professional Objec- 
ing schedules sent in each term E=——————7_ tivesof the American Society of 
to an accrediting committee. & : Civil Engineers and the subse- 
This would be particularly im- § quent formal discussions (March 
portant in institutions provid- and April 1939 issues of CrviL 
ing engineering instruction to ENGINEERING) suggest the de-. 
certain non-engineering groups. >  sirability of a 5- or 6-year period 
A comparative study of the o 100 200 300 400 500 60 of training. Such a training, if 


teaching loads carried in the 
professions of architecture, 
medicine, law, and engineering 
would be a worth-while invest- 
ment if made to include differ- 
ences in method of instruction. With continued inspec- 
tion and accrediting by the E.C.P.D. committees, the 
general deviation from an appropriate instructional load, 
as well as the marked lack of uniformity among the 
institutions as a group, demands serious consideration. 

It should be apparent after ten years that to control 
the ratio of enrolment to size of staff within limits that 
will insure instruction of a professional grade is virtually 
impossible of accomplishment by an administrative 
head from within an institution supported by the public 
or operated for monetary return. Such control can 
come only from an outside accrediting source and, as 
such, would be evidence of professional solidarity. With 
only a few outstanding exceptions, the apparent academic 
policy has been (a) the general acceptance of practically 
all material offering itself for engineering education, 
and (6) the recommendation of engineering education 
as an “excellent training for any type of future work.”’ 

It is exceptionally disheartening to attempt the in- 
‘truction of students who admittedly are ‘‘taking engi- 
neering because it is a good ‘general’ training."” Such 
students see no point in the development of ideais com- 
mensurate with those required by a profession since 
they have no intention of becoming a member of one. 
The majority of the graduates, however, seem to expect 
work of an engineering nature after graduation. With 
regard to those who do not graduate (approximately 60 
per cent of those entering), it would appear that much 
time has heen spent by staff and students which would 


Fic. 2. 


Student Credit Hours per Instructor per Term 


RANKING OF 110 ENGINEERING SCHOOLS WITH 
RESPECT TO UNDERGRADUATE Day-SCHOOL 
TEACHING Loap 


uniform throughout the institu- 
tions in this country, would 
effectively limit the enrolment 
as well as supply much needed 
additional time in the profes- 
sional years. This objective is not likely to be accom- 
plished by purely voluntary means. Those states with 
license laws could aid materially by legislation requiring 
a 2-year liberal arts training of specified quality and 3 
or 4 years of engineering training before a license to 
practice is granted. In order to provide the necessary 
influence, such a movement would have to be sponsored 
by the technical societies acting as a unit. A combina- 
tion of recommended limits for staff-enrolment ratios 
(or average student classroom hours per staff member) 
from an accrediting source, and the requirement of a 
5-year course to obtain a license, would be a long step 
toward improvement of professional status. 


SUMMARY 


1. The objectives of a professional education, as 
stated in this paper, are not compatible with mass pro- 
duction in education. 

2. In general, teaching loads are not within the limits 
that will allow professional development of staff and 
students. 

3. Recommended limits for the number of students 
per classroom hour per instructor are seriously needed by 
the engineering colleges for control of the size of classes. 

4. Limitation of staff-enrolment ratios or student- 
classroom hours per instructor, combined with a 5 or 6- 
year course prior to obtaining a license to practice, is 
needed if the status of the profession and the graduates 
and teaching staffs are to be improved. 
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Determining Discharge at Gaging Stations : 


Affected by Variable Slope . 
By M. C. Boyer 21 
Junrtor, AMERICAN Soctety or Crvit ENGINEERS 
Associate Enoineer, U. S. Geotocicat Survey, Wasuincton, D.C. 
HE elements that ordinarily DEALLY, stream gaging stations In order to analyze the problems . 
control the stage-discharge re- should be located at points where the of unsteady, non-uniform flow jy ¢ 
lation at a section on anatural stage-discharge relation is unaffected by open channels, it is necessary ty ; 
stream may under some conditions changes tn conditions downstream—that solve Eq. 2 simultaneously with the 7 
of stage or discharge become inoper- ts, at points above the influence of back- varied-flow equation, : 
ative. For example, the stage- water. Asa practical matter, such loca- aE da V2) ‘ $20 
discharge relations at gaging sta- sions are becoming increasingly difficult — S, =S, += 
tions on tributaries near their con- fo find. Satisfactory results can still be $3 Ontzg) £0 - 
fluence with other streams may be obfained, however, by making use of in which slopes in the downward di. 
affected by high stages on those simultaneous readings from two stations. rection are considered positive. The é 
streams, or the relations at gaging In the accompanying paper, Mr. Boyer terms on the right are known as the = 
stations above artificial structures, outlines the methods used by the ‘‘surface-slope term,” the “velocity 
as dams, locks, or weirs, may be Geological Surveyin such cases. Hiscon- head term,” and the “‘acceleration 4 
affected by their operation. These (¢ribution was on the Hydraulics Division head term.’ (See Harold A. 
effects, which express themselves program at the 1939 Spring Meeting. Thomas, The Hydraulics of Flood 
in variations in the water-surface Movements in Rivers, page 33.) ' 
slope, are known as backwater. Experience in the application of Eq. 3 to the prob 
In the earlier years of the Geological Survey, if the lems of stream gaging indicates that the velocity-head Fi 
stage-discharge relation at a gaging station was affected and acceleration-head terms generally are so small in 
by backwater it was often possible to relocate the station relation to the other factors involved that they may be 
and to escape such effects. However, as the streams neglected, though it is essential to evaluate them for 
in the United States came to be developed for naviga- each gaging station and to determine their effects. This dice 
tion, power, irrigation, and other purposes, many gaging evaluation is a comparatively simple matter and will not ain 
stations that came within the influence of backwater be dealt with here. that 
could not be relocated above that influence. The deter- In the practical problems of stream gaging, the slope as 
mination of the discharge under such conditions required of the water surface (S,) at a given instant can only be 
a study of variations in the slope of the ‘water surface, evaluated by means of observations of fall through a 
and the development of relations between slope, stage, reach, determined by simultaneous readings on gages , 
and discharge. It is the purpose of this paper to present set to the same datum and a sufficient distance apart so 7 i 
an outline of the methods now used by the Geological that the errors due to gage readings will be a negligible ae 
Survey for that purpose. percentage of the total fall. The length of reach neces a 
Early students of the effect of variable slope on the sary to properly evaluate the fall may in some instances — 
stage-discharge relation attempted to adjust the dis- be so great that the effects of inaccuracies in gage datum, 
charge measurements for the effects of variable slope by 
use of the Chezy equation, Vv = CV RS. But since this 
equation was developed for steady flow in a uniform ee U 
channel under conditions of complete turbulence, it was - and 
found to be not entirely suited to LEGEND slope 
the problems of flow in natural +30 stage 
channels. Thus it was necessary 
to turn to the equation for the Metropolis “+ 
Recorder pids Dam 
slope of the energy gradient, 
t-—+—+- Low weter —} | oe 
KR <3 most 
in which V is the average velocity § 377° in the 
in a cross-section (determined by | set to 
dividing the discharge by the cross- = spect 
sectional area); A is an expression : take 
of the rugosities of the channel; R, | graph 
a measure of the channel shape; 25 1 — tweet 
nm, a measure of the degree of tur- 35 1.0 be de 
bulence; and a, a measure of the $3 0.9 ic I re arn The 
pressing Eq. | in terms of dis- 8 dischs 
charge by substituting Q/A for IV, upper 
Fic. 1. Omro River in Vicinity oF Merropo.is, 1 side 
S. = [2] (a) Plan; (6) Profile; (c) Approximate Mean Velocity for a Discharge of 50.000 Cu natior 
A*KR* per Sec at Pool Elevation 290.0 ticula 
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ormity of the channel, entrance of tributaries, 
e of the water surface, and passage of a flood 


curval 
yave | ll make it difficult to correctly determine the 
fall. [because of these complications the relations in- 


Discharge, in Thousands of Cubic Feet per Second 
100 150 200 
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by inspection throughout most of the range in stage. 
This fall is designated as the ‘‘normal’’ fall, /,, and the 
discharge from the curve for the normal fall is designated 
as the “normal’’ discharge, Y,. Other falls and the cor- 
responding measured discharges are in- 
dicated by F,, and Q,,, respectively. 
Substituting these symbols for /\, and 


D 


Q;, and F,, and Q2, Eq. 6 becomes 


LEGEND 
© Measured Discharge ° 
Adjusted Discharge 20 
T 


From the curve of stage-discharge re- 
lation for normal fall, Q, for any stage 
can be read and substituted in Eq. 7. 

Then, substituting the Q,, and the F,, 


from an actual discharge measurement 

: WA at 2= made at the same stage, the discharge 

° 38 ratio 0 and the fall ratio can be 
ve) * n 

ic computed. This procedure is followed 

for each discharge measurement, the 

results being plotted with discharge 

22 ratios as ordinates and fall ratios as 

, | ATIOS AND FALL RATIOS Wu abscissae. The curve which these points 

24 define is the graphical representation 


2.0 
Ratio Between Measured Fall and 2.50-Ft Fall 


SLopE-STAGE-DISCHARGE RELATIONS, On1O RIVER AT METROPOLIS, ILL. 
(b) Relation between 


Fic. 2 
1) Unadjusted and Adjusted Discharge Measurements; 
Discharge Ratios and Fall Ratios 


dicated by Eq. 3 may best be expressed in general terms 
asa function of the observed slope of the water surface— 


that is, as 
dE 
dx 


in which F is the fall in the reach and L is the length of 
the reach—the velocity-head and acceleration-head 
terms being accounted for in the functional relation. 
Combining Eqs. 2 and 4, 


A"KR® = (7) [5] 


Of course L is constant, and at any given stage A, R, 
and K are also constant (K may vary slightly with 
slope). Hence two discharges, Q, and Q2, at the same 
stage may be related from Eq. 5, 


F, 


the exponent having been included as a part of the func- 
tion of fall. The function y is exponential, and may be 
most complex, because of the effects of non-uniformities 
in the channel reach, the fact that the gages may not be 
set to the same datum, the location of the gages with re- 
spect to stream regimen, the effects of bridge piers or in- 
take drawdown, and many other factors. However, by 
sraphical methods of analysis of Eq. 6 the relations be- 
‘ween slope, stage, and discharge at a gaging station may 
be determined. 

Che following is a brief outline of the steps necessary 
in the graphical solution of Eq. 6. Plot the measured 
discharges as abscissae against the gage heights for the 


upper gave of the fall reach as ordinates, and write be- 
side each plotted point the corresponding fall. Exami- 
rer o| these points will indicate that for some par- 
ular \ 


‘ue of fall the discharge curve may be drawn 


of Eq. 7. 

Each discharge measurement is then 
adjusted to the corresponding normal 
discharge by dividing by the discharge 
ratio as obtained from the curve just 
plotted. It may be found after the adjusted discharges 
are plotted that the curve of stage-discharge relation for 
the normal fall should be corrected slightly. In such 
case, by repeating the steps outlined (using the cor- 
rected curve of stage-discharge relation), new dis- 
charge ratios can be computed and plotted and 
the discharge-ratio-fall-ratio curve corrected if neces- 
sary. 

To illustrate the practical application of these methods, 
a Geological Survey gaging station at Metropolis, IIl., on 
the lower reaches of the Ohio River, may be taken as an 
example. The upper one of the two gages involved is at 
Metropolis, Ill., and the lower one is about 18 miles down- 
stream, a short distance above Dam 53. The backwater 
at the Metropolis station is created primarily by the opera- 
tion of Dam 53, a navigation structure; and also, at times, 
by high stages on the Mississippi River and by the return 
of over-bank flow following floods of unusual magnitude. 

Between the gages there are two series of rapids known 
as the Grand Chain and the Little Chain. These rapids 
form marked breaks in the river profile and may, at 
times of medium or low discharge when Dam 53 is not 
operating, act as almost completely controlling sections 
for the upper gage. Figure | illustrates the plan and 
profile of the reach. It will be noted that, at times when 
the pool above Dam 53 is at normal operating level, the 
water over practically all of the river channel in the vi- 
cinity of these rapids is less than 9 ft deep, as represented 
by the hatched areas in Fig. l(a). Figure 1 (0) illustrates 
the profile of approximately the lower third of the cross- 
section of the stream bed, and the marked effect of the 
rapids on that profile may be noted. In Fig. l(c) is 
shown the curve of average velocity through the reach 
for a discharge of 50,000 cu ft per sec, with Dam 53 at 
normal operating level. This illustrates the effects of 
rapids in a natural stream on the average velocity. 
Rapids are sections of reduced cross-sectional area, the 
reduction being created by shoals in the river bed, nar- 
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rowing of the stream width, or both, and as a result of Curves of this type have the advantage over c: es of 7 
this reduced area the velocity at the constricted section equal stage in that discharges for conditions of _w fall ~~ 
is greater than at sections in adjacent reaches. The in- may be read from them with greater accuracy. ry 
crease in average velocity at each section of reduced No attempt has been made to discuss the effect. of the “| 
area is clearly shown. slope-stage-discharge relation of changing stive jy oF 

Figure 2 illustrates the curves of relation, developed in os 
the manner described. One feature of the discharge- ‘ 7Z 
ratio-fall-ratio curve in this particular case is worthy of 23 4) 
note: the curve becomes asymptotic to a horizontal line (fe 
corresponding to a discharge ratio of 1.2 at a fall ratio 24 ’ 
of approximately 2.0. This indicates that for all falls 
above 5.0 ft (fall ratio 2.0) the rapids become the con- - . 
trolling sections for the upper gage, and no backwater oi ete 
effects can pass through them. 2 

Having established the relation between slope (or E> | 
fall), stage, and discharge in a channel reach, it is a simple 2 
matter to convert these relations into any of the several  -% Un 
curves that may be found convenient in the determina- < 
tion of discharge. For example, it may be convenient =~ _ 180 200 220 240 a 
to have a graphical representation of curves of equal 
gage heights at the lower gage plotted against the gage % 
heights at the upper gage as ordinates and the dis é 
charge as abscissae. Such curves for the Ohio River at Fic. 3. Stope-Sracr x 
Metropolis, Ill., are shown in Fig. 3. It will be noted DISCHARGE RELATIONS, tern 
that, as the discharge and stage increase, these curves Onto RIVER at ubt 
become asymptotic to a single curve, which is the stage MErTRopOLIS, IL! 
discharge relation for the upper gage when back- Solid Lines Are Curves of 
water is not present. As the discharge and stage de Equal Fall; Dotted Lines 

Are Curves of Equal Stag: 


crease, each curve approaches the horizontal and at 2 ow 
zero discharge intercepts the vertical axis at the stage it Discharge, in Thousands of Cu Ft per Sec 
represents. 

Another method of graphically representing the slope- connection with changing discharge. This is also a 
stage-discharge relations is by means of curves of equal problem of variable slope, and methods have been de 
fall plotted against the stage at the upper gage and the vised by the Geological Survey for its solution, but spac: 
discharge rhese curves also are illustrated in Fig. 3. does not permit outlining them here. 


at Lower Gage 
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This department, designed to contain ingenious suggestions and practical data from engineers both young a 
and old, should prove helpful in the solution of many troublesome problems. Reprints of the complete de- . 
partment, 8'/, by 11 in., suitable for binding in loose-leaf style, are available each month at 15 cents a copy. ait 
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Determining the Mean of Repetition Angles one 


By Fioyp W. Hoven, M. Ao. Soc. C.E. for t 


PitTsBuRGH, Pa. vel 


rd 
HERE isa simpler method of determining the mean table, two ‘‘arcs passed over’ have been obtained i" by 
value of an angle measured by repetitions than that each case, each of these arcs has been divided sepa ati 
generally shown in textbooks and apparently in com-_ rately by 6, the two results have been added, and one zt 
mon use. In this simplified method, erv 
the mean of the two arcs passed over Tastz I. Norss, “Sranparp” Metuop rea 
is obtained directly by treating the D, : thar 
and Ry as two “‘initials,’’ in the same 
manner as that used in the direction STATION Direct Repeti- PASSED ANGLE ( 
method of angle observations Sicutren REVERSED TIONS Reaping A B Mean OVER dV a 
A “Form of Field Notes, Repetition yay D 50° 00’ 00" 875" inter 

Method, for Two-Vernier Theodolite’’ Homewood.. D-R 6 160° 08’ 40° 30° 35” 110° 08’ 37".5 78° 21" 20 
is presented in Table 11 of Technical ‘et No 3... R-D 6 50° 00’ 55” 55” 55° 249° 51’ 20°.0 281° 38° 33°. runo 

C.E., Manuals of Engineering Practice, gna..... D-R 6 357° 25’ 35" 25" 30° 307° 25’ 30° g1° 14’ 15".0 13°. 

No. 10). The first and fifth angles ‘et No.3... R-P 50° 00" 15° 20°17".5 34’ 47°.5 308° 45" user 
No. 
of that table are repeated here as - 
Ts > . is noted that in this * Barred numerals in seconds indicate a one minute less than recorded. ubt 

able 
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hal small difference between this sum and 360 
iv ha been applied, with its proper sign, to one-sixth 
+ the ¢ passed over on the direct measurement 


if w. determine, purely by inspection of the vernier- 
». olumn, the midway point on the circle between 


mea 
TABLE II. Fre_p Nores, 
VeRNIERS 
Te CIRCLE -—— 
I» De — Im 
ath Rep READING i B Mean 
Dr 50° 00’ 55” 00" 57°.5 
— D 128° 21’ 20” 
De 160° 40” 30” 357.0 56.2 110° O08’ 38” 
Re 50° 00° 55° 55° 55°.0 
De 50° 00’ 00” 00” 007.0 
ad D 101° 14° 10” 
— Dy 357° 25’ 35” 25” 307.0 08.8 307° 25’ 21”. 
Re 50° 00’ 18° 20° 17°.5 
De 00° 10” 10” 10°.0 
Kow Dy 27° 34’ 10” 
a De 165° 26’ 20” 30° 257.0 02.5 165° 26’ 22” 
Re 00° 00° 50” 00" 557.0 


‘he D. and the return Rs, which for want of a better 
term we may call the ‘‘mean initial’ (/,,), we have but to 
«btract this value from D, and to divide the result by 6 
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to get the correct mean angle as shown in the revised 
form (Table II). A third angle is listed to include a con- 
dition where D, and Rx are on opposite sides of zero. 

The values here shown by the shorter method (Table 
II) are correct to the nearest 0.1", while those in Table I 
are not, due to the dropping of decimals 
in the larger number of operations. The 
subtraction, D; — J,,, is so simple that 
it may be done mentally by inspection. 

Incidentally, the reading D,; on Ver- 
nier A only (which is omitted in Table 
I) should always be recorded. It 
furnishes a check on the degrees and 
minutes of the final angle and facilitates 
the work, especially when Ds exceeds 
360°. 

The simpler method, called to my 
attention several years ago and here rec- 
ommended, is theoretically correct and 
gives the exact mean angle. It is less 
laborious and is not nearly so sus- 
ceptible to error as the longer method 
for the reasons that there are fewer operations and that 
it does not involve the application of a small correction 
at the end with its proper algebraic sign. 


Mean ANGLE 
((De — Im) + 6) 


78° 21’ 26°.5 


2 51° 14’ 13”.5 


5 27° 34’ 23°.8 


Runoff Distribution Graphs from Precipitation Occurring 
in More Than One Time Unit 
By T. Jun. Am. Soc. C.E. 


ForMERLY JuNror AssistTANT ENGINEER, MuskINGUM WATERSHED Conservancy District, New PHILaDELPHiA, Ox10 


HE method used by the Muskingum Watershed 

Conservancy District in finding sets of coefficients or 
graphs for runoit distribution, for a rain occurring in 
jore than one time interval, may be of interest. This 
method seems simpler than using least squares, graphical 
analysis, or other published methods. Means of deter- 
mining the portion of each rain that should be considered 
is runoff, and the manner of plotting a distribution 
graph from its coefficients are also discussed, since they 
ire SO closely allied. 

When distribution graph coefficients are to be deter- 
mined, the first factor that must be considered is the 
time unit. There are several things that influence this, 
one of which is the precipitation records. If these are all 

the form of daily totals, the minimum time interval 
ior the distribution graph is necessarily 24 hours. How- 
ever, on Or near most watersheds there is at least one re- 
rding rainfall gage, and notation of the time of showers 

bservers is sometimes available also, so that precipi- 
‘ation can in many cases be apportioned to intervals of 

- hours or less. Another factor in selecting the in- 
terval is the time it takes the stream being studied to 
reach its crest. The interval should always be shorter 
than the time to the crest, and preferably half this time 
or less, in order to define the shape of the hydrograph. 

_ Actual computation of the distribution coefficients is 
XY a systematic trial-and-error method. After the time 
interval has been selected, the average precipitation for 
ach interval is listed. The total amount of surface 
‘unoll is estimated from the hydrograph, by subtracting 


DV 


reasonable base flow, and assigned to the various inter- 
valsofrain. This may be done by whatever method the 
user preicrs. The possible methods are (1) to use the 
samme percentage of precipitation for all intervals, (2) to 


subtract . constant from all precipitation values, (3) to 
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use infiltration rates (if there are enough data on pre- 
cipitation intensities), or (4) to utilize a mixture of these 
methods tempered strongly by judgment based on ex- 
perience and knowledge of the attending conditions. 
The use of a percentage is the most convenient and seems 
to have some validity; for even when the average inten- 
sity of a rain is less than the average infiltration rate 
there is runoff, because of the non-uniformity of both 
the precipitation and the infiltration rate over the drain- 
age basin—that is, there is some runoff from practically 
every rain. Subtracting a constant is a corruption of 
the infiltration rate method, based on the assumption 
that every rain continues uniformly throughout the 
period in which it occurs. 

The method used by the District as a ‘‘starter’’ is a 
combination of these two. First, a constant loss, large 
enough to account for about half the total loss, is sub- 
tracted from the precipitation of each period; then a 
percentage is applied to the remainders to make the total 
equal the surface runoff. If it is thought that these re- 
sults do not fit the conditions, judgment is applied freely 
in their modification. Usually the data are not sufficient 
for use of the infiltration rate method, although it ap- 
pears to be best. 

After the inches of runoff for each period of rain have 
been determined, they are converted to cubic feet per 
second per time unit. A distribution graph for the 
drainage area is estimated and used on all of them except 
the largest. The discharges from the smaller runoff 
amounts and the base flow are all subtracted from the 
hydrograph. The residual is then considered to be the 
distribution of discharge from the largest runoff amount, 
and percentage coefficients are easily computed from this. 
The new set of coefficients usually will be more nearly 
correct than the original estimated set. This is true be- 
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cause an error made in assuming the trial coefficients 
does not cause as large a percentage of error in the re- 
sult, since the trial coefficients are applied to smaller 
runoff amounts than that from which the new coefficients 
are found. 

Coefficients from this distribution are compared with 
the original estimated set, and if there is little difference 
between them they are used as found. However, if there 
is a material difference between the estimated and the 
computed coefficients, the procedure must be repeated 
to prevent large errors in the trial set from being re- 
flected in the final distribution graph. In this repetition, 
the trial distribution coefficients used are an average of 
the two sets, weighted according to the total runoff to 
which each applied during the time over which the largest 
runoff amount is distributed. After the second trial the 
computed and trial sets will usually agree well enough. 

A sample computation of a set of distribution coeffi- 
cients for the Tuscarawas River near Dover, Ohio, for 
the storm of August 6-7, 1935, is shown in Table I. 
The drainage area of this stream is 1,398 sq miles. The 
precipitation used is, for convenience, a straight average 
of the Akron, Canton, Dover, Millport, and Wooster 
values. The Akron and Wooster records were available 
in hourly form. These, with notes on beginning and 
ending times of showers at the other stations, where 
readings were made only daily, made it possible to appor- 
tion precipitation to half-day intervals (Col. 3). In- 
spection of the preceding and succeeding parts of the hy- 
drograph gave 600 cu ft per sec as a reasonable base 
flow (Col.7). This was subtracted from the hydrograph 
of actual flow (Col. 6), to find the surface runoff (Col. 8). 

The total surface runoff for this flood was -°6,600 half- 

‘day second feet, or 3.01 in. over the drainage area. This 
quantity was accordingly apportioned (Cols. 4 and 5) to 
the periods when there was rain, chiefly on the basis of 
judgment. Each of these runoff amounts, except the 
largest (between the eighteenth hour of August 6 andthe 
sixth hour of August 7), was then distributed to successive 
periods, starting with the one in which it occurred. 

The trial coefficients used for this distribution (heads of 
Cols 9 to 22) are the average of several previous deter- 


TABLE I. 
(Aucust 1935) 
(1) 2) 3) 4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) 24) 25 
Rt NOPPF 
Pre AMOUNTS Aver. Base Com 
CIPITA- Discn. Triat CoOerricients, Per Cent PUTE 
Day Howr Tron, 1,000 1,000 1,000 Cor - Suw Resip- 
2 © 0.88 0.16 12.0 0.9 0.6 0.3 0.2 
1.48 0.52 39.3 1.3 06 O8 08 1.6 -0.9 
3 18 5.3 0.6 4.7 2.8 1.6 4.4 0.3 
6 0.48 0.16 12.0 8.0 0.6 7.4 0.2 i aw. a 7.2 0.2 
4 8.6 0.6 8.0 0.8 6.3 1.8 8.9 0.9 
= 9.4 0.6 8.8 1.6 5.9 1.6 : 9.1 -0.3 
5 13 9.2 0.6 8.6 1.9 5.1 1.2 8.2 0.4 
6 7.8 0.6 7.2 1.8 ae ae 6.6 0.6 
6 18 0.45 0.16 12.0 6.0 0.6 5.4 0.2 1.6 saa 0.7 5.3 0.1 
4 » 46 1.66 125.0 6.2 0.6 5.6 0.8 x 2.3 0.5 4.8 0.8 1 
7 18 13.5 0.6 2.9 1.6 0.9 . 1.6 0.4 4.5 8.4 
4 21.3 0.6 20.7 1.9 4.0 16.7 13 
1g (9-25 0.06 7 #O0.6 21.1 0.1 1.8 0.5 ~ 6.8.03 
‘ 19.6 0.6 19.0 0.3 1.6 0.4 0.5 O. 2.9 16.1 |! 
17.2 0.6 16.6 0.6 1.2 02 0 23 143 
6 14.9 0.6 14.3 0.7 0.9 0.2 1.8 12.5 i 
10 1s 0.39 0.24 18.0 12.6 0.6 12.0 0.3 0.7 ; 0.7 0.1 1.8 10.2 ° 
6 11.3 0.6 10.7 1.2 0.6 , 0.5 2.3 8.4 
11 18 10.5 0.6 9.9 2.4 0.4 0.4 3.2 6. 
6 9.1 0.6 8.5 2.9 0.3 0.2 3.6 
12 18 7.3 0.6 6.7 2.7 0.3 0.2 3.2 3.9 
4 0.6 4.8 2.4 } 0.2 6.3 21 
13 4 0.05 3.8 4.0 0.6 3.4 1.8 ‘ 0.1 2.0 1.4 
6 3.1 0.6 2.5 0.3 1.3 0.1 1 7 0.5 
14 18 2.7 0.6 2.1 0.5 53 0.1 1.7 0.4 
* 1 half-day second foot = inches XK 75,200 for this drainage area (1,398 sq miles) 
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Substituting in Eq. 7, removing parentheses, and inte- 


DETERMINATION OF HALF-DAY COEFFICIENTS FOR RU 


RING for September 1939 
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tage of Pur: 


Thousands of Cubic Feet per Second 
a 


1 2 3 4 5 6 7 8 
Time in Days 
Fic 1. Unit GrapH FoR TUSCARAWAS RIVER, NEAR Dovypp 
Oun10, FOR FLOW RESULTING FROM | IN. OF RUNOFF (Rary (jc 
CURRING IN ONE HALF Day) 


minations. The sums (Col. 23) of the distributed mp. 
offs (Cols. 9 to 22) are approximately the runoff as jt 
would have occurred without the rain of the night oj 
August 6-7, and prior to that time should agree with the 
surface runoff (Col. 8). The residuals (Col. 24), ob. 
tained by subtracting Col. 23 from Col. 8, represent th: 
runoff from that rain. Values of the residuals before th: 
start of that rain should be zero, and, as they stand, are 
the result of discrepancies in observation or technique 
However, the largest residual is less than | per cent of 
the August 6-7 runoff, which is within the accuracy of 
the method. 

As the final step, the items in Col. 24, beginning at 
Hour 18 on August 6 and representing surface runoff from 
the August 6-7 rainfall, were each divided by the runoff 
amount (125.0 from Col. 5) for that rain, to find the per 
cent (Col. 25) that appeared as runoff in successive px 
riods. This is the direct distribution graph of this flood 

In this instance three coefficients vary by two units 
from the trial values. This was considered close enough 


NOFF DISTRIBUTION OF TUSCARAWAS RIVER NEAR Dover, OxI0 


Example 2, Beam with Uniform Load Ac... . 
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t. If it had been necessary to recompute this 


agreenl 

set of coefficients, the new trial coefficients would have 
peer’ a weighted average of the set used before and those 
st found. The weight in determining the average 


|) For the computed coefficients, the sum of Col. 
4 from Hour 18 on August 6 to Hour 6 on August 14; 
7 For the old trial coefficients, the difference of the 
sym found in (a) and the sum of Col. 8 for the same 
periods 

‘ If the coefficients are plotted to form a distribution 
raph, a block hydrograph should be used, not just a 
ries of lines connecting them. After the block hydro- 
graph has been constructed, a smooth curve may be 
irawn in such manner that the area for each period is not 
changed. The graph shown in Fig. 1 has been prepared 
‘» this way. It is based on the analysis of 14 storms, all 
| which gave coefficients differing by not more than 
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2 per cent from the corresponding coefficients in any 
other set. 

No one storm will give distribution coefficients suitable 
to all others. This is partly because of variation in in- 
tensity and areai distribution of precipitation within 
individual periods. The shape of a distribution graph 
is also affected by duration of the storm and amount of 
runoff. The influence of channel or valley storage is 
assumed, when applying distribution graphs, to be pro- 
portional to the runoff amounts of the various periods. 
However, those things which change distribution graphs 
do so through their effect on storage. Caution therefore 
should be exercised when applying a unit graph to a storm 
of such characteristics that storage may be materially 
different from what it was when the coefficients were 
found. Several storms should be analyzed. When 
using distribution coefficients they should be selected 
with the storm characteristics in mind. 


Deflection of Plate Girders of Variable Depth 


By Merny te F. Sports 


INSTRUCTOR IN MECHANICAL ENGINEERING, JOHNS Hopkins UNIversity, BALTIMORE, Mp. 


A SIMPLY supported plate girder having a curved 

bottom flange and a half-length equal to / is shown 
in Fig. 1. The x-axis is taken along the center of gravity 
of the top flange, the origin being at the mid-point. The 
beam is symmetrical about the center line, and the depth, 
r d-axis, is taken positive downward. 

The depth between the centers of gravity of the flanges 
{the beam at any point, x, is given by the equation 


where d. is the depth at the center, and a is a known con- 
stant. 

The moment of inertia, J, at any point, x, is then ap- 
proximately 


where A is the area of one flange consisting of angles, 
over plates if any, and sometimes a portion of the web 
plate. Top and bottom flanges are assumed to have 
equal areas, 

Substituting Eq. 1 in Eq. 2 gives 


Eq. 3 becomes 


r=1,(1 - 


+ ]4 + /6 +.. 


The series in the denominator is rapidly convergent for 
values of a less than unity. 

The approximate relationship between the curvature 
and bending moment in a beam is 


d*y M [6] 


Substituting Eq. 5 in Eq. 6 yields 
d*y M/, , ax?  a*x* 
] — 
Since M is a function of x only, substitution for the 
bending moment may be made in Eq. 7 and the value of 
y obtained by two successive integrations. This will be 
illustrated by two examples. 


Example 1, Concentrated Load at Center. Figure 2(a) 


Ad. ax* 
I= —>(1- | eee .[3] shows the beam loaded by a concentrated force at the 
7 center. The bending moment at point x is 
Since the moment of inertia at the center, is M=7y({1- ‘cee 
w, Lb per Unit Length~>, 


a 
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(d) 


Fic. 2. ILLUSTRATIVE EXAMPLES 


(a) Concentrated Load at Center, (4) Uniformly Distributed Load 


The original nawment of 204 571 would have nrovided a ceriec of 


563 


| 
| 
| 
(24) 25 
0 
0 
0 
0 
-0 
0. 
0 
0 | i 
7 
12 
10 5 
8 7 
6 
5 | 
| 
0.4 


Substituting in Eq. 7, removing parentheses, and inte- 
grating twice gives 


Pl 5 x? ax a*x® 


6-713 +. ) + C\x + {9} 
The constant of integration C, is evaluated by consider- 
‘ dy 
ing the slope of the beam at the center. For x = 0, , 


At the end of the beam, x = 


The deflection curve of the beam is completely deter- 
mined by Eqs. 9 and 10. The maximum value of the 
deflection occurs at the center, x = 0, and becomes 


is also zero; hence C, = 0. 
land y = 0. Hence 


PP a a* 
G = \ 123 + 345756777897": 


5-6-7 


For comparing the deflection with that of a beam of 
uniform cross-section, consider a girder whose depth at 
the support is one-half as great as at the center. For 
such a beam, a would be taken as 0.75. 

Substitution in Eqs. 10 and 11 gives 


PE 
= e e 2 
= 0.183 EI. [12] 
This may be written in terms of the full span, /,, where 
l= a as 
1.10P1,3 


Such a beam is thus seen to have 10 per cent greater de- 
flection at the center than one whose moment of inertia 
is throughout. 


Example 2, Beam with Uniform Load. As < own jy 
Fig. 2(6), the bending moment is : 


Substituting in Eq. 7, removing parentheses, and jnt, 
grating twice yields 


wi? [ x? ax* 
a*x$ 
|+ Cx + Cy [15 


9-108 
By consideration of the same boundary conditions « 
in Example 1, the constant of integration, C,, is found 
be equal to zero, and C, is given by 


a? 


The maximum deflection occurs at the center, x = () 
and becomes 


For comparison with a beam of uniform cross-section 
again consider a girder whose depth at the end is one 
half that at the center (@ = 0.75). The maximum de. 
flection is found to be 


wi* 
Vmax = 0.234 EI, 118 


This may be written in terms of the full span, /,, as 


5.62 
Jun 


This beam is thus seen to have a deflection at the cen- 
ter 12.4 per cent greater than one whose moment o/ 
inertia is constant and equal to /,. 


Our Readers Say— 


In Comment on Papers, Society Affairs, and Related Professional Interests 


How Can a Building Code Be 
Enforced? 


To tHe Eprror: The article, “A Modern Building Code— 
Arrangement and Organization,”’ by D. S. Laidlaw, in the June 
issue, is unique in that it treats of the classification and arrange- 
ment of the content of a building code. Mr. Laidlaw’s observations 
and suggestions are well worth consideration. A similar article 
on how a building code can be enforced would be welcome. 

This is of prime importance—who shall decide whether the de- 
sign of a proposed building meets the requirements of the code 
which governs its construction? Two reminiscences come to mind. 
In the days of iron highway bridges, the bids for bridges in a cer- 
tain county in Ohio were referred to the county surveyor to decide 
whether the design coniplied with the specifications. I once asked 
this individual how he passed on compression members. He 
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Formulating a Standard Building 


technical advisory board. 
pensations can be given if satisfactory proof is submitted « jay +, 


replied, ‘I divide -he strains given on the strain sheet by 10),!"' 
to find out what section is needed.” 

Again, a few years ago a certain city required that its building 
code be revised. I met the committee in charge of the revision 
In the draft of a proposed code they had specified a live load © 
office floors of 80 Ib per sq ft. To my suggestion of 50 |b, one 
member said that he had seen an office floor loaded with bn k 
and that the load was certainly 80 Ib per sq ft. Another memder 
stated that he fully agreed 50 Ib was sufficient. At the sam 
time, he continued, if they called for 70 or 80 Ib they would probably 
get 50 or 60 Ib, but if they specified 50 Ib no one knew what t 
would get. This member’s opinion favorably impressed his fallow 
and 80 Ib was recommended. However, the present code calls !0 
70 Ib per sq ft, with varying reductions on columns from floors of 
tier buildings. 

RoBINS FLEMING 


New York, N.Y. Structural Engineer (Ret ved 
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Field Control of Compacted 
Earth Fill 


De. Str: I am very much interested in E. A. Abdun-Nur’s 
n in the June issue of my article, ‘Field Control of Com- 
arth Fill,” in the Aprilissue. As that article was an abridg- 
the much longer original, which is in the Engineering 

Library, I naturally could not cover in detail many of 
the points brought up by Mr. Abdun-Nur. 

As . justification for basing density requirements on laboratory 
ud checking these results by testing undisturbed samples 
fill, I specified in the original paper that the testing should 
be done in one of the most advanced laboratories in the country 
and mentioned several—Harvard, Princeton, U. S. Engineer 
Corps, Massachusetts Institute of Technology, Case, and others. 
The correlation between the test results from those laboratories 
and field conditions is scattered throughout technical literature, 
and the unification of testing technique is being carried on very 
rapidly in the Soil Mechanics and Foundations Division of the 
Society. In addition, my original paper stated that the test results 
should be interpreted in the light of commonsense and practical 
experience, but in so stating I was not making excuses for the 
present testing equipment and technique as used and practiced at 
the above-mentioned laboratories. With that in mind, I believe 
we are well justified in basing density requirements on laboratory 
tests. But the point raised by Mr. Abdun-Nur is well taken; 
testing should not be carried on before checking on the very latest 
developments in this field. 

In using the oil method of testing density, the viscosity of the 
oil should be determined by experiment; I selected a viscosity 
which lowered the percentage of error to a point where I could not 
measure it with the field equipment I was using. The sand method 
used by Mr. Abdun-Nur is an excellent direct method of measuring 
density, as is also the method of using a knife-edge pipe spoon to 
extract an undisturbed sample of exactly 0.1 cu ft. Both these 
methods are discussed in the original paper, with the reasons for 
preferring the oil method. 

Mr. Abdun-Nur’s comments on my method of drying samples 
over an open coal or charcoal fire are true, but numerous check 
samples dried in the electric oven never showed an error greater 
than one-half of 1 per cent of the dry weight. As I had charts 
showing the relationship between density and number of passes 
with the rollers at different moisture contents, the error in taking 
moisture content by this quick method was too small to affect the 
results. ! prefer this quick but slightly inaccurate method to the 
alternative of drying a sample in an electric or gas oven which 
may take from three-quarters of an hour to a whole day, thus 
delaying orders to the constructor to change the number of passes. 

As Mr. Abdun-Nur points out, the type of material may allow 
the use of the penetration needle for determining moisture content. 
However, my experience, based on exhaustive tests over a period 
of two years, has been that the direct method of drying samples 
over a coal or charcoal fire gave more accurate results. It is inter- 
esting to note in this connection that Mr. Abdun-Nur used a 
direct method of determining density and did not use the needle 
for density control. 
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Howarp F. Peckwortn, M. Am. Soc. C.E. 
Resident Engineer Inspector, PWA 
Santee-Cooper Project 
Moncks Corner, S.C. 


Problems in Valuation 


To rhe Eprror: In the article by E. De V. Tompkins entitled 
‘Value of ‘Light, Air, and Access’ Easements,” which appeared 
in the June issue of Crvi. ENGINEERING, four problems in valuation 
were presented. I wish to submit a theory of valuation which 
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The original payment of $94,571 would have provided a series of 
50 year-end payments of $5,996 each, and at the end of the 50 
years the original sum would have been completely paid out. 
Since the plan was terminated at the end of only 20 years, it is 
my theory that the amount of money due the company at this time 
is the amount left after 20 year-end payments have been deducted 
from the original sum at the chosen interest rate. This amount for 
Problem 1 would be $82,704 

Applying this method to the Sixth Avenue Elevated case, the 
solution is as follows. The original easement cost ‘‘in perpetuity”’ 
was $4,346,000. In other words, this sum was assumed to be 
sufficient to provide year-end payments at 6 per cent equal to the 
loss in annual income from the abutting property forever. There- 
fore, at the end of any year the original sum of $4,346,000 would 
still be left to the credit of the elevated company and would 
constitute the amount of money which should be paid to it at the 
date of condemnation. The only justification, as I see it, for 
paying the full amount awarded to the Sixth Avenue Elevated 
Company lies in the phrase ‘in perpetuity.’’ Had a specific term 
for the life of the easement been fixed at the time of its purchase, 
a considerable saving could have been effected at the date of 
condemnation. The solution to this vexing problem of valuation, 
therefore, appears to be not to allow easements to be purchased in 
perpetuity. 

GeorceE E. Brooks, Jun. Am. Soc. C.E. 
E. B. Badger and Sons Company 
Boston, Mass. 


Training Young Engineers in the 
Fundamentals 


To THE Eptror: Professor Finch, in his article entitled ‘‘Prac- 
ticing Engineers as Educators,”’ in the June issue of Civic ENar- 
NEERING, raises an important question—that of providing real 
apprenticeships for graduates of schools of engineering, comparable 
to the internships available to graduates of medical schools. 
The problem has been solved for medical students rather satis- 
factorily. It will be more difficult to do the same for the young 
engineer. How is it to be done? Hospitals are not in competition 
as are engineering firms or industrial establishments in which 
engineering plays an important part. Only the largest employers 
feel able to face a possible loss in teaching young engineers some of 
the principles of practice. Too often the young graduate is actually 
exploited, though there may be no intention on the part of the 
employer to exploit him. It is difficult for the employer to give 
the new employee more than he gets out of him immediately, 
with the result that he too often gives him a salary and nothing 
more. What is the solution? 

Professor Finch’s observation that in too many cases little or 
no attention is given to the degree an applicant for apprenticeship 
training may hold or to the reputation of the school from which he 
has graduated is a sad commentary on many of our schools of 
engineering. The practicing engineer would give more attention 
to these matters if they merited more attention—the very fact 
that he doesn’t indicates that in the majority of cases they do not 
deserve much attention. The fault lies in our schools, not in our 
practicing engineers. I know of engineering-employers who 
definitely favor young graduates in physics for engineering jobs. 
It is felt, and experience has shown, that it is easier and produces 
better results to teach young physicists the practical side of engi- 
neering than it is to teach young engineers the physics they should 
have learned in school but were never required to. In fact if the 
fundamentals are not learned in school, they hardly ever are 
learned later. 

What to do with the young engineer the first year or two he is 
out of school is an important problem and one that is worth dis- 
cussing. What to do with him before he gets out is an equally 
important problem and one that is more easily solved. He must 


yields different results from those of the author in Problems 1, 3, _ be trained in the fundamentals—physics, chemistry, mathematics. 

and 4, but gives the same answer he obtained in Problem 2. Four years in a college of liberal arts, with emphasis on physics, 
Problem 1 assumed that, after 20 years of existence, an elevated chemistry, and mathematics, followed by two years in a school of 

railroad property is condemned. The court finds that its physical engineering staffed by a faculty grounded in the fundamentals 

Property has only junk value and that its franchise, though still (not always the case) are necessary, if present standards are to be 

being operated, is worthless. Its “light, air, and access”’ property raised appreciably. 

‘asemen( rights were acquired for a 50-year period, for the sum W. R. Oscoop, M. Am. Soc. C.E. 

of $4571. What is their value now, when condemned? It was Materials Engineer, National 

‘sume: ‘hat 6 per cent would be a proper interest rate. Washington, D.C. Bureau of Standards 
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Formulating a Standard Building 
Code 


fo rue Eprror: Mr. Laidlaw’s desire to formulate a standard 
set-up for building codes (see his article in the June issue of CrviL 
ENGINEERING) can well be appreciated by anyone engaged in the 
industry. It is possible, however, that even the model code set-up 
is not necessarily the best, particularly after being subjected to 
numerous amendments and additions. 

Without attempting to make any classification of the contents 
of building codes, we may say that they usually contain the follow- 
ing types of information: (1) code principles, which are accepted 
legal provisions that change very little or not at all; (2) minimum 
requirements—that is, standards of a certain type which are based 
on our conceptions of good practice and decency; and (3) rules and 
regulations, which are of a more specific nature and which, due to 
changes in conditions, are subject to continuous alteration 

lhe following items are not suggestions for any possible classifica- 
tion, but merely memoranda on some essentials that may deserve 
consideration 

Minimum Requirements: It is generally understood that by the 
very nature of the code, as a legal document, it cannot stipulate 
higher requirements than just enough to bring the conditions cov- 
ered beyond the borderline from unsafe to safe territory. It would 
be better for all concerned if the code definitely stated which 
clauses are minimum requirements and then permitted no deviation 
from these requirements. Such a stipulation would eliminate a 
great deal of argument and give the administrators of the code some 
line of defense 

Principles and Rules: The building code proper should primarily 
state principles, all of which could be condensed into a very few 
pages. The principles should form the code part, to be amended 
only through legislative action. The code principles can be elabo- 
rated by rules issued from time to time and amended by a special 


technical advisory board. The rules can be argued, and dis 
pensations can be given if satisfactory proof is submitted | a; the 
code principles are not violated 

Definitions: A great part of the building code is purely natter 
of definitions. The best way out of this would be to elaborat Teatly 
upon the chapter of definitions and include in it everyth g of a 
descriptive character. 

Human Standards: Building codes also contain certain st idards 
which have become accepted either through habits and conventions 
or through the unchangeable requirements of the human body 
Such standards are expressed in the rules regarding the proportions 
of treads and risers on stairs, minimum number of risers, height; 
and construction of railings, and so forth. All these littl things, 
which make a building right or, when not considered, make jt , 
menace to the tenants and a source of damage suits to the owners. 
could and should be included with definite provisions that they 
constitute minimum requirements. 

National Codes: As for the formulation of a national building 
code, it may be said that we already have a national, or even ay 
international set of codes, which includes Canada. However, with 
the exception perhaps of the codes of the American Institute of 
Steel Construction, the American Concrete Institute, and the 
Canadian Standards Association, they are not applied in a sufficien; 
degree to be of much value. All this work done by independen; 
organizations is of little avail unless all building codes adopt thes 
sub-codes and preferably add them as an appendix. 

To sum up, let us (1) maintain the classification of types of 
buildings and improve it, if possible; (2) follow nationally accepted 
codes on structural standards, fire protection, and safety; (3) mak: 
uniform definitions and incorporate as many as possible under a 
combined index and glossary; and (4) include architectural (hy 
man) standards as minimum requirements. 


SvEND Pium, Assoc. M. Am. Soc. C_E 
Detroit, Mich. 


The Maximum Probable Flood 


To THe Eprror: Our article on ‘The Maximum Probable Flood 
and Its Relation to Spillway Capacity,’’ which appeared in the 
January issue, has been discussed by Robert F. Ewald, in the April 
issue, and by C. Frank Johnson, in the May issue. Both com- 
mentators suggest that greater consideration should be given to 
probability methods. Mr. Ewald presents a chart showing the 
relative frequency of ‘‘great’’ storms in the eastern United States. 
The southern boundary of the area of no great storms is shaped not 
unlike the isohye- 
tals on the rainfall 
frequency charts 
presented by David 
L. Yarnell (U. S. 
Department of 
Agriculture, Misc. 
Pub. No. 204). 
Figure 59 of this 
publication shows 
the 24-hour rainfall 
in inches, to be ex- 
pected once in 100 
years. Except for 
the “‘tongue’’ ex- 
tending into Ohio 
on Mr Ewald’s 
chart, the 7-in. iso- 
hyetal in this figure 
agrees fairly well 
with the boundary 
of “no great 
storms.” This 
phase of the prob- 
lem was cousidered 
in preparing the 
charts of maximum 
probable rainfall, 
Fic. 1. IsonyvetTaL Map For Srorm but the 100-year 
SEPTEMBER 1()-13, 1878, AND TRACK OF _ storm is, in many 

Jury 6-10, 1916, Storm cases, no more than 


Storm Track ot 
Sept. 1878 


one-third to one-half the maximum that has occurred. The lat 
Allen Hazen, in his book Flood Flows, referred to by Mr. Johnson, 
brings out vividly the effect of one large flood in the period of 
record on the probability calculations. 

Mr. Ewald takes particular exception to application of the 1,500) 
and 5,000-sq mile charts to the area about 200 miles wide along th 
western slopes of the Appalachians. This area is in a region sub 
ject to the passage of tropical hurricanes entering the country both 
from the South Atlantic and from the Gulf of Mexico. The period 
of record selected by Mr. Ewald—1892 to date—is insufficient to 
justify the conclusion that a great storm cannot occur over the 
shaded portions of his map. Many of the greatest floods for which 
there are definite data and which originated in West Virigina 
eastern Kentucky, and Tennessee occurred prior to 1892. Thes 
floods resulted from the storms of September 1861, January 1862 
March 1865, March 1867, and September 1878 

The first of these storms produced the greatest flood of record on 
the Lower Kanawha River at Charleston, W.Va.—=5 ft above any 
other crest. The storm of 1862 produced the maximum flood of 
record on the Big Sandy River in Kentucky. The storm of March 
1865 produced a large flood on the Cumberland River 

The storm of March 1867 was similar to that of July 6-10, 19!" 
(Technical Reports, Part V, Miami Conservancy District). This 
1916 storm entered the country from the Gulf of Mexico and pro 
duced an average of 12 in. of rainfall over 2,500 sq miles in North 
Carolina. Records show that the storm of March 1867 followed 
the western side of the mountains (the region regarded as immun 
by Mr. Ewald) and produced the maximum flood of record in th 
Upper Tennessee River. 

The storm of September 1878 (Fig. 1) was similar to those o! 
September 1861 and July 14-16, 1916. This storm crossed the Ap 
palachian divide and produced a rainfall which over a large area was 
reduced in intensity by only 2 in.—that is, from 10 to 5m-—" 
48 hours. Flood stages indicate that the precipitation of 1861 must 
have been greater than that of 1878. The trans-mountain mov 
ment of these storms indicates that a storm similar to that of July 
14-16, 1916, could cross the Appalachians and produce a rainfall 
diminished but slightly from that which actually occurred in North 
Carolina, namely, 13.0 in. over 5,000 sq miles. 

S. M. and G. R. Scuneipe® 


Louisville, Ky. Associate Members Am. Soc. CE 
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d dis 4 he Correct Ca re of Surveying M. Am. Soc. C.E., chief engineer of the Department of Bridges, on 
at the , . the extensometer investigations made in cooperation with the New 
Instruments York City Department of Bridges and the National Bureau of 
natter Standards under the auspices of James E. Howard, engineer physi- 
reatly Deas Six: The article on “The Care of Surveying Instruments” —gjc¢. 
g of a hy L.H. Berger, in the July issue, contains considerable information The article was of special interest to me as it distinctly recalled 
hat should be of value to all engineers using surveying instruments, pot only the difficult problems involved but also the value of the 
idards specially those who must of necessity use instruments in remote extensometer measurements taken on this important work. 
Ntions ind inaccessible locations. The writer’s experience with the tele- The fact of the matter is that this was the first time in the history 
body scop! dade used in most plane-table work has been rather ex- of the Department of Bridges that extensometer investigations 
tions vensive and thoroughly bears out Mr. Berger’s statement that were ever conducted on one of its bridges, and particularly on a 
heights frequent cleanings seem to be the best preventive of instrument structure of such magnitude. 
things, trouble Inexperienced men frequently hesitate to undertake this In passing it occurs to me that it would be of material interest 
ke it a -jeaning and its attendant oiling and as a result, especially when for readers to refer to the discussion by Isidore Delson, Assoc. M. 
ywners. ‘he instrument is used in a dusty location, the trunnions and their Am. Soc. C.E., on the paper entitled, ‘Stress Measurements on the 
it they hearing surfaces on the standards become coated with a dust and Hell Gate Arch Bridge” (TRANSACTIONS, Am. Soc. C.E., Vol. 28, 
oil cake that completely destroys the quality of the bearing and pages 1087-1089). In this Mr. Delson discusses the value of the 
uilding makes use of the instrument very unsatisfactory. Usually in such extensometer measurements- particularly in one of the wedging 
ven an a case the instrument is blamed for troubles that are the fault of — operations—which solved a critical and perplexing erection prob- 
t, with ‘he instrumentman and that could easily be prevented or corrected —_ jem, not only in the close agreement of the computed stresses, but 
tute of if the instrument were cleaned and oiled. also in the fact that after the removal of the pins there was no ap- 
nd the It is doubtful if instrument-makers realize the amount of rough parent change in the stresses of the members. 
ficient yse that the average telescopic alidade receives. The alidade is 
endent ysually carried on the outside of the plane-table case on the topog- THeopore Beizner, Affiliate Am. Soc. C.E. 
t these rapher's back. This does not subject the alidade to any particular Inspector of Steel and Bridge Inspector 
rough use unless the topographer falls or unless he is going through in Charge of Brooklyn Bridge, Department 
rpes of heavy brush or undergrowth. In the latter case it is practically of Public Works, City of New York 
cepted impossible to prevent the alidade from receiving occasional blows Brooklyn, N_Y. 
) make from small twigs or, sometimes, from limbs or considerable size. A 
nder a few days or even a few hours spent in following a topographer 
al (hu- through a heavy brush field would be very instructive to an instru- 
ment designer and might lead to a change in design. The desirable - . 
a changes appear to be in a strengthening of the standards and of the Experiments on the Hydra ulic 
CE springs which limit the vertical motion of the alidade. On one Jum 
well-known make of alidade, which the writer used, these springs p 
were almost continually so bent as to be useless, though every To tHe Epitor: Fred C. Scobey’s article, “Notes on the Hy- 
se late fort was made to treat the instrument with the care which it un- draulic Jump,” in the August issue, is a most welcome addition to 
hnson. doubtedly — the literature of the subject, representing as it does a valuable 
able outfit and is frequent yt e source of consic era yle trouble to his many years of work in this field. The writer ventures to add 
> 1,500 the inexperienced man. As in the case of other instruments the . few words that may help to clarify some of the points on which 
mg the ge oil Mr. Scobey expresses the need for further demonstration and proof. 
m sub never be used ad There is abundant evidence that Mr. Scobey is correct in stat- 
y both terior, ing that no backwater effect travels upstream in shooting flow. 
reveling of very difficult If the head when steading form for a short distance upstream from 
ent to ; . : y 3 obstacles introduced into a steam flowing with higher than critical 
ae this condition develops the tripod may freeze and become seriously velocity, but these small waves are not “backwater effects” in the 
which damaged. However, this a easily be prevented by cleaning the usual sense of the word, and the water-surface profile shows no far- 
rigina tripod surfaces. Mere wiping of these surfaces with a cloth does reaching upstream effect as it would in the case of streaming flow. 
These Be Stele 0S be sufficient, and rubbing with fine steel wool of, mi oe Quantitative evidence is provided by tests of broad-crested weirs 
pers bing od under part submergence Ifthe suengence es tha the 
critical depth, the tailwater level remaining below the upper limit 
ard on “As of what an inexperienced may do the writer Som, the 
ee recalls one case in which a topographer broke a level vial and, not te 
March knowing that he had a replacement in his instrument box, made a over the crest,” is seen to be true, even when the jump is drowned 
trip of several hundred miles by automobile to obtain a new vial. out by tailwater higher than the crest by an amount equal to the 
wand care for rita depth This wil ot be however, the topo he we 
This : ‘ is not sufficiently broad to stabilize the position of the jet. 
d pro ; a The statement that “shooting flow cannot well be gradually 
North C.E. slowed down’ must be questioned. Both S. M. Woodward 
llowed Assistant U. 5. Forest Soreece (Miami Conservancy District Technical Reports, Part III) and 
:mune an Francisco, Calif. B. A. Bakhmeteff (Hydraulics of Open Channels) give several cases 
in the of backwater curves in which shooting flow is gradually slowed 
down. 
ose of ™ 7 Peres Besides the experiments on the jump in sloping channels listed 
ve Ap St rengthening the Willhiamsbu rg by Mr. Scobey, there is a very extensive large-scale set of experi- 
pa was Bridge ments, which were just finished by the late D. L. Yarnell at the 
n.—in time of his death. In the writer’s opinion, Mr. Yarnell’s tests were 
must Dear Sim: I have read with much interest Mr. Hovey’s article complete enough to afford a satisfactory answer to the problem. 
mov ntitled, “A Bridge Builder Looks Back,” in the August issue of It is to be hoped that the U. S. Department of Agriculture will soon 
f July Civi. ENGINEERING. He mentions the fact that one of the two make the results of these tests available to the engineering pro- 
~- most difficult engineering problems he ever had was in connection fession. 
North = the strengthening of the Williamsburg suspension bridge in C. J. Posey, Assoc. M. Am. Soc. C.E. 
out stopping traffic. Assistant Professor of Hydraulics and 
been connected with the strengthening of the end spans Structural Engineering, State 
s ige, | was assigned by the late Austin Lord Bowman, Jowa City, Jowa University of Iowa 
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sch on the accredited list of the Engineers’ Council property and drainage surveys, taking soundings 
for! fessional Development and in general the equiva for structures, establishing lines, grades, angles, 
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Grading Plan and Compensation Schedule for 
Civil Engineering Positions 
Lower Professional Grades, Including Pre-Professional 


As UNANIMOUSLY ADOPTED BY THE BOARD oF DiRECTION, AMERICAN SOCIETY OF 
Civit ENGINEERS, JuLy 25, 1939 


FOREWORD 2. Full rate—$165.00 a month, $1980.00 a year. 


Note: (1) The scale or range for Grade 0 has te, 
intermediate rates, or twelve rates for the scale. sepa. 
rated by intervals or step-ups of $60.00 a year, o; 
$5.00 a month. 


(2) In practice it is contemplated that the new em 
ployee who has completed the twelfth (high) schoo! 
grade will be paid the starting rate; and that the ney 
employee who has graduated with a degree in ciy;j 
engineering from an accredited college or university 
will be paid an intermediate rate. The first increase 
should be made within a reasonable time after entering 
the service upon demonstrated ability for the work and 
acceptability to the organization. 


Professional civil engineering positions may be 
grouped according to relative importance of duties to 
be performed and of the responsibilities accorded thereto. 
The three lowest grades for professional service are 
herewith presented and they are numbered in order 
from lowest to highest. For each grade there is a general 
specification intended to define as well as describe the 
duties and responsibilities usually associated with the 
grade and the expected adaptability of the person to 
properly perform the work and assume the responsi- 
bilities so specified for that grade. 

While the specifications indicate a range for duty and 
responsibility in each grade, to be of general application 
to civil engineering employment, these specifications 
should be used with liberal judgment as to application 
and adaptability to meet local situations and sectional 
divergence which naturally exist within a field national 
in extent. Recognition must therefore be taken of possible 
variance in the social and economic status of engineering 
employment and compensation rates as they may prevail 
when direct comparison in their application ts made of 
prevailing conditions in one local area with those of another. 
When so used, the specifications, examples and com- 
pensation rates will adequately serve as a guide to es- 
tablish the basic organization requirement as well as the 
applicable remuneration for the several grades. 

Pre-professional civil engineering 
positions may be grouped according 
to relative importance of duties 
and responsibilities. The group or 
range is herewith presented by spe- 
cification, example and compensa- 
tion rate. Its use and adaptability 
should be based on the same pre- 
rogatives as accorded to the lower 
professional grades. 


C. Requirements: The requirements for education, 
experience and skill for positions in pre-professional 
engineering service will be of any degree inferior | 
those defined under Grade I. The duties to be per 
formed under this classification shall range from the 
simplest routine work to that of a knowledge within , 
limited field of civil engineering work, requiring th 
exercise of reasonable judgment appertaining to its 
completion. 


Professional Grade I 


To include all positions the duties of 
which involve civil engineering work 
N February 1939, ‘Civil Engineer- of minor professional difficulty and 
published, for appratsal and responsibility. 
discussion, a Grading Plan and Com- B 
pensation Schedule for Civil Engineering ‘ 
Positions, prepared by the Society's 
Committee on Salaries, which had been 
presented to the Board of Direction at its 
January 1939 meeting. In succeeding 
weeks 24 Local Sections, with member- 
ships totaling approximately 7400, sub- 
mitted reports, and in addition, written 
comments were recewed from numerous 


A. Definition: 


Compensation: 

l. Starting rate—$170.00 a 
month, or $2040.00 a year. 

2. Full rate—$210.00 a month, 
or $2520.00 a year. 

Note: (1) The scale or range for 
Grade I has three intermediate 
rates, or five rates for the scale, 
separated by intervals or step-ups 


Pre-Professional Grade 0 
A. Definition: To include all po- 


sitions the duties of which involve 
the performance of work incident, 
subordinate, or preparatory to work 
performed by employees holding po- 
sitions in the professional grades. 
For purpose of application in the 
field of civil engineering practice 
pre-professional positions are classi- 
fied under one grade, but recognition 
given the appointee based on educa- 
tion, experience and preliminary 
technical training. 

B. Compensation: 


l. Starting rate—$110.00 a 
month, $1320.00 a year. 


(d) In santlary engineering: 


individual corporate members. 

At the April 1939 meeting of the 
Board, a special committee of three 
Directors was appointed to correlate the 
comments, suggestions, and criticisms 
received, and to report back to the Board 
with recommendations. 

Pursuant to these instructions the 
Special Committee presented, at the July 
meeting of the Board, a redrafted Grad- 
ing Plan and Schedule which it recom- 
mended for adoption or approval. The 
Committee added to the earlier report a 
section relating to pre-professional work. 
This Plan and Schedule were unani- 
mously adopied July 25, 1939. 
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3. Applicable or characteristic duties. 


tant 


of $120.00 a year, or $10.00 a 
month. 

(2) In practice it is contem- 
plated a new appointee with mim 
mum qualifications for the pos! 
tion will be paid the starting rate 
established for the grade 


C. Requirements: The positions 
are described with respect to mit ‘ 
mum qualifications requisite 
satisfactory performance of charac b 


teristic duties, as follows: 
1. Education and experience: 
Graduation with a degree in «ivi 
engineering from an engineering 
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for! fessional Development and in general the equiva 
lent | at least two years’ experience on engineering 
wor. or (8) completion of the twelfth (high) school 
ora additional self-improvement through study of 
wchn al engineering subjects, and in general the 


equiv lent of at least eight years’ experience on 
engineering work, or (c) any equivalent combination 
of education and experience. 


9 nowledge and skill: Good working knowledge of 
mathematics; of the properties of materials; of the 
customs and practices followed in expressing engineer- 
ing decisions in drawings; of the elementary work 
required for investigation and development of proj- 
ects and their design, construction, inspection, testing, 
operation and maintenance; of the elements of engi- 
neering research; of the use, care and adjustment of 
applicable engineering instruments and tools; and 
skill and dexterity in subject matters and techniques 
wnvolved in such work commensurate with general 
knowledge and skill requisite for this grade. 


3. Applicable or characteristic duties: Under full 
technical direction to follow specific, detailed or 
frequent instruction applicable to any field of civil 
engineering practice and type of organization in the 
performance of work allocated to this grade, of which 
the following examples are typical. 


a) In surveying: Individually, or with one or more 
assistants, making observations and gathering and 
recording data for engineering reports, the prepa- 
ration of plans and other technical uses; doing 
field work involving the use of transits, levels and 
other surveying instruments and equipment in- 
cluding their proper operation and adjustment; 
assisting in computing, compiling and platting of 
field data; and having charge of a sub-party and 
being responsible for the results of the work per- 
formed by the party. 


b) in designing and drafting: Assisting in laying 
out and preparing detailed plans and estimates for 
engineering projects; making compilations of engi- 
neering statistics; preparing maps, graphs, charts, 
diagrams and tables for purpose of interpretation 
and representation of data for engineering purposes 
and uses. 


c) In construction: Ability to interpret plans and 
specifications and to stake out the work; make 
field tests of materials; select samples of materials 
for laboratory tests; inspection of contract work; 
rejection of non-specification work and materials; 
and the preparation of reports and estimates. 


d) In general: Doing work of equal difficulty and 
responsibility involving in part two or more of the 
alorementioned civil engineering duties, with or 
without other engineering work of like grade, or 
work of pre-professional, or of clerical or other 
non-engineering character. 


4. Duties by fields of practice: As a member of an 
engincering organization qualified to do such work as 
indic ited in several of the more usual specialized 
helds of civil engineering practice as may be illustrated 
by the following: 


\@) In highway engineering: 


On preliminary location, or final road surveys, 
iblishing lines, taking cross-sections, making 


for structures, establishing lines, grades, angles, 
and contours; and establishing or verifying 
records of alignment, boundaries of rights of 
way and ownership and limits of abutting proper- 
ties. 


(2) Making plans involving center lines, grades 
and minor details; designing typical cross-sec- 
tions; preparing preliminary and final quantity 
estimates; and computing costs. 


(3) Supervising and inspecting the construction 
of roads, bridges, and drainage structures. As 
sisting generally on office and field work involved 
in securing rights of way for highway projects, 
as by mapping proposed locations and boundaries 
from survey field notes; making title searches; 
verifying legal descriptions; preparing right-of 
way maps and descriptions of parcels of land 
required. 


(4) Doing work of equal difficulty and responsi 
bility involving two or more of such classes of 
duties, or other civil engineering processes, with 
or without other engineering work of like grade 
or of pre-professional, or of clerical or other 
non-engineering, character. 


(6) In structural engineering: 


(1) Developing or checking plans and estimates 
for structures such as culverts, floor slabs, small 
plate girders, and the like, or preparing detailed 
plans according to prescribed designs for certain 
parts of elements of structures such as members 
of truss bridges, columns in steel buildings, floor 
beams, and the like. 


(2) Supervising and inspecting the construction 
of structural works and assisting generally on 
office and field work, such as interpreting the 
plans, staking out the work, field tests of ma- 
terials, and the preparation of reports. 


(3) Doing work of equal difficulty and responsi- 
bility involving two or more of such classes of 
duties, or other civil engineering processes, with 
or without other engineering work of like grade 
or of pre-professional, or of clerical or other non- 
engineering, character. 


(c) In hydraulic engineering: 


(1) Detailing elements or features of projects the 
main features of which have previously been 
determined from sketches and computations, for 
example, establishing the grade of a trunk-line 
sewer of which the location, size, and shape have 
been determined, designing intersections with 
trunk lines, and determining the grades of lateral 
sewers. 


(2) Having charge of location or other surveys 
for canals, waterways, dams, locks, pipe lines, 
or any of them. Supervising and inspecting the 
construction of hydraulic works and assisting 
generally on office and field work. 


(3) Doing work of equal difficulty and responsi- 
bility involving two or more such classes of 
duties, with or without other engineering work 
of like grade or work of pre-professional, or of 
clerical or other non-engineering, character. 
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(d) In santlary engineering: 


(1) Designing and preparing plans and estimates 
for parts of sewerage systems or elements of 
sewage treatment plant work of which the basic 
designs, sketches and calculations are available. 


2) Supervising and inspecting the construction 
of sanitary works and assisting generally on 
office and field work, such as interpreting the 
plans, staking out the work, field tests of ma- 
terials, and the preparation of reports. 


(3) Doing work of equal difficulty and responsi- 
bility involving two or more of such classes of 
duties or other civil engineering processes, with 
or without other engineering work of like grade, 
or work of pre-professional, or of clerical or other 
non-engineering, character. 


(e) In rescarch and testing: The making of routine 
tests of materials and equipment, the reading of 
instruments, recording, computing and compiling 
of test data, and the collecting, computing and 
compiling of laboratory and research statistics. 


(f) In general: Doing work of equal difficulty and 
responsibility involving two or more of the fields of 
practice described, or in other civil engineering 
fields of practice, with or without other engineering 
work of like grade, or work of pre-professional, or 
clerical or other non-engineering, character. 


Professional Grade II 


A. Definition: To include all positions the duties of 
which involve civil engineering work of intermediate 
professional difficulty and responsibility. 


B. Compensation: 


1. Starting rate—$220.00 a month, or $2640.00 a year. 


2. Full rate—$270.00 a month, or $3240.00 a year. 


Note: The scale or range for Grade II has four inter- 
mediate rates, or six rates for the scale, separated by 
intervals or step-ups of $120.00 a year, or $10.00 a 
month. Also see Note (2) Grade I. 


C. Requirements: The positions are described with 
respect to minimum qualifications requisite for satis- 
factory performance of characteristic duties, as follows: 


1. Education and experience: The same as for Grade 
I and additional thereto the equivalent of at least 
two years’ experience on applicable engineering work. 
2. Knowledge and skill: Familiarity with mathe- 
matics, with physics, with the properties of materials 
used in construction, with engineering specifications, 
with the customs and practices followed in expressing 
engineering decisions in drawings, and with the im- 
portant sources of engineering information; more than 
ordinary skill in the application of such knowledge to 
engineering problems; ability to organize engineering 
data and to draw logical conclusions therefrom and to 
present facts, findings, and definite conclusions clearly 
and concisely; under supervision, ability to program, 
plan, organize, supervise, and check the work of 
others, and to lay out the working details of projects; 
and skill and dexterity in subject matters and tech- 
niques involved im such work commensurate with 
general engineering knowledge and skill requisite for 
this grade. 


San Francisco Entertains Record-Breaking Conventic: 
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3. Applicable or characteristic duties. Under 


enera] 
technical direction to perform and be respons ble for 
the technical soundness of methods and the accuracy 


of results for work applicable to any field .{ 
engineering practice and type of organizatic, 
as those described for Grade I—(3-a, 6, c). 


such 


i 


4. Duties by fields of practice: As a member of an 
engineering organization qualified to design, check 
and approve plans, supervise construction, to prepare 
estimates and reports, and to serve as leader of a group 
in any field of civil engineering practice and type of 
organization such as those described for Grade | 


(4-a to f). 
Professional Grade III 


A. Definition: To include all positions the duties oj 
which involve civil engineering work of considerable 
professional difficulty and responsibility. 


B. Compensation: 


1. Starting rate—$280.00 a month, or $3360.00 a 
year. 


2. Full rate—$325.00 a month, or $3900.00 a year. 


Note: The scale or range for Grade III has two inter. 
mediate rates, or four rates for the scale, separated by 
intervals or step-ups of $180.00 a year, or $15.00 a 
month. Also see Note (2) Grade I. 


C. Requirements: The positions are described with 
respect to minimum qualifications requisite for satis- 
factory performance of characteristic duties, as follows: 


1. Education and experience: The same as for Grade 
II and additional thereto the equivalent of at least 
three years’ experience on applicable engineering work. 


2. Knowledge and skill: Thorough familiarity with 
mathematics, with physics, with the properties of 
materials used in construction, with engineering 
specifications, with the customs and practices followed 
in expressing engineering decisions in drawings, and 
with the important sources of engineering information; 
a high degree of skill in the application of such knowl 
edge to engineering problems; ability to organize 
engineering data and to draw logical conclusions 
therefrom and to present facts, findings, and conclu- 
sions clearly and concisely; ability to program, plan 
organize, supervise, and check, the work of others, 
and to lay out the working details of projects of con- 
siderable scope; and skill and dexterity in subject 
matters and techniques involved in such work com- 
mensurate with general engineering knowledge and 
skill requisite for this grade. 


3. Applicable or characteristic duties: Under occa- 
sional technical direction to perform and be respon- 
sible for the technical soundness of methods and the 
accuracy and reliability of the results for work ap- 
plicable to any field of civil engineering practice and 
type of organization such as those described under 
the corresponding heading for Grade I and Grade II. 


4. Duties by fields of practice: As a member of an 
engineering organization fully qualified and respon 
sible for the planning and the supervision of projects 
applicable to any field of civil engineering practice 
and type of organization such as those described 
under the corresponding heading for Grade I and ‘ prade 
II. 
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SOCIETY AFFAIRS 


Official and Semi-Official 


British American Engineering Congress Canceled 


International Situation Forces Last Minute Abandonment of Plans; Society 


Will Hold No Fall Meeting 


CANCELLATION of all plans for the British American 
Engineering Congress, scheduled to open in New York on 
September 4, was determined upon late Friday, August 25, 
following receipt of cablegrams from London, from the 
Institution of Civil Engineers and the Institution of Mechani- 
cal Engineers, announcing that they both were forced to 
withdraw from participation on account of the international 
situation 

The decision was reached with deep regret at a conference 
between officials of the American Society of Civil Engineers 


and the American Society of Mechanical Engineers after a 
phone consultation with the Engineering Institute of Canada, 
the fifth participating group. As a result, there will be no 
Fall Meeting of the Society of any sort. There will be the 
usual fall meeting of the Board of Direction, which must 
be held in order to transact certain items of business that 
cannot be postponed until the Annual Meeting. 

Postcards announcing this development were mailed on 
August 26 to the American and Canadian membership of 
the Society. 


Constitutional Amendments Re Dues 
Considered at San Francisco Meeting 


In accordance with Constitutional requirements, a meeting of the 
Society was held on Wednesday morning, July 26, 1939, at the 
“me of the Annual Convention in San Francisco, Calif., being called 
to order immediately following the general session. President 
Sawyer presided over the meeting. 

Under the head of unfinished business, the proposed amend- 
ment to Article IV of the Constitution was considered, this having 
to do with the reduction of dues of members resident in District 
No. | and with the compounding of dues. On motion from the 
floor, duly seconded and carried, the President was instructed 
to appoint a committee of five Corporate Members, one resident 
in each of the four zones and one, representative of the Society at 
large, to be the chairman. None are to be members of the present 
Board of Direction 

On further motion, duly seconded and carried, the proposed 
Constitutional amendment was referred to this Committee, the 
Committee to report at the Annual Meeting to be held in January 
1940 in New York, on the following four specific points: 


|. Whether there is justified any differential in dues between 
the members in District No. 1 and elsewhere; 

2 If so, what differential should be provided; 

3. If not, is any general or specific increase in dues required 
to offset the loss in revenue of the Society; and 

4. The schedule of dues which would be in the best interest of 
the Society 

here being no other business the meeting was adjourned. 


Mead Prizes for Younger Engineers 


By action of the Board of Direction at its San Francisco meet- 
ing, the necessary approval was given the establishment of prizes 
‘or papers having to do with the ethics of engineers. These prizes 
‘re to be awarded through the generosity of Past-President Daniel 
W. Mead and are available only to younger engineers. 

Long an exponent of higher standards for engineers in their deal- 
ings among themselves and with the public, Dr. Mead through 
ls studies, his talks, and his teachings has become known as an 
authority on ethics. His textbooks also have included such dis- 
ussions and are among the few such treatments now available to 


engineer It is natural, therefore, that he should take the lead in 
— 's matter still more forcefully before the profession. 
His i now officially endorsed and given the necessary 


‘uthoriza'ion by the Board, contemplate two yearly prizes cf $50 
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and $25. Competition is to be among younger engineers and is 
confined to Juniors and members of Society Student Chapters. 
Awards are expected to be made on the basis of papers, dealing 
with ethics, presented before Local Sections, Division meetings, 
or possibly Student Chapter or Local Section conferences. It is 
further proposed that conduct of the competition and determina- 
tion of the awards shall be under the Society’s Committee on Pro- 


- fessional Conduct. 


As soon as the official rules are drawn up and approved, a more 
complete announcement will be made. Although not eligible for 
the prizes, older engineers will take an active interest in this com- 
petition. 


Two Honorary Members Elected 


In accordance with constitutional procedure, two distinguished 
foreign engineers were elected to honorary membership in the 
Society at the San Francisco meeting of the Board of Direction, 
July 24, 1939. One is William James Eames Binnie, of Lendon, 
England; the other, John Morrice Roger Fairbairn, of Montreal, 
Que. Mr. Binnie has been a member of the Society since 1929, 
and Mr. Fairbairn since 1913. 

Since the death of his father in 1917, Mr. Binnie has been senior 
partner of the firm of Sir Alex. Binnie Son and Deacon, whose prac- 
tice is chiefly in connection with sanitary works. He is now 
serving as president of the Institution of Civil Engineers, and has 
previously held the same position in the Institution of Water 
Engineers and the Institution of Sanitary Engineers. 

A lifetime of service with the Canadian Pacific Railway is the 
record of Mr. Fairbairn, who retired this year from his post as chief 
engineer. He is a past-president of the Engineering Institute of 
Canada, and of the American Railway Engineering Association. 


Return of ‘Factual Survey’’ Cards 
Urged 


MeMBERS, Associate Members, and Juniors who have not yet 
returned the “Factual Survey”’ cards sent them in July are urged to 
do so at once. To date about half have responded, but it is hoped 
that a much larger percentage of the membership can be included 
in the final tabulations and analyses. 

The survey, as announced in the July issue of Crvit ENGINEER- 
ING, is designed to supply certain basic facts essential to the work 
of the Society in improving the social and economic status of its 
members. It is being sponsored by the Committee on Professional 
Objectives and the Committee on Salaries. The cards request 
data on work, age, grade of membership, position, and income, and 
are not to be signed. 
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San Francisco Entertains Record-Breaking Conventio: 
Outstanding Technical Sessions Vie with Fair in Making Meetings of July 26-28 a Great Succes, 


MAKING glowing predictions for any future event is somewhat 
hazardous. Yet rarely have such anticipations been exceeded so 
generously as at the San Francisco Convention. The time was 
thought to be propitious; the program seemed excellent; the Fair 
was expected to be an attraction; and the local Society organiza- 
tion was known to be efficient. So they proved, all of them—and 
much more 

It is easy to place false emphasis on size. Mere numbers are 
hardly a measure of quality. On the other hand a generous at- 
tendance indicates interest; it ensures a response to speakers; 
it makes the informal chats and group conversations in the cor- 
ridors a multiplied pleasure; and the same is true for the planned 
social events—not to mention the additional advantage that the 
preblem of financing is immeasurably simplified 

Both quantitatively and qualitatively the San Francisco Con- 
vention must be accounted a glowing success. The over-all regis- 
tration well exceeded 1,600, thus setting a new mark for Society 
meetings outside of New York. The individual sessions were on a 
similar scale. This created problems of arrangement. In one 
instance it became necessary to interchange meeting rooms during 
the technical sessions. The lesser group willingly assented to be- 
ing crowded into a smaller hall in order that the larger session might 
have adequate room 

The Technical Division sessions were held on Wednesday after- 
noon, on Thursday morning, and on Friday morning and afternoon. 
On Wednesday afternoon four Divisions met. The Hydraulics 
and Irrigation Divisions held a joint session for the hearing of three 
papers—on the hydraulics of sprinkling systems for irrigation, silt 
problems of the Imperial Irrigation District, and the design of 
curves for high-velocity open channels. The Waterways Division 
session dealt with the water supply of Chicago, the controlling 
works for the Chicago River, and the Central Valley project in 
California. The Soil Mechanics and Foundations Division held 
two sessions, the first on Wednesday afternoon and the second on 
Thursday morning. The papers on Fort Peck, originally scheduled 
for Thursday were transferred to Wednesday, exchanging with 
those on the photoelastic analysis of stress in earth masses, the 
effect of earthquake motion on foundations, and the progress re- 
port of the Committee on Earth Dams and Embankments. This 
was a fortunate rearrangement, as it gave ample time for active 
and extended discussions immediately following the Fort Peck 
presentations. The paper on sealing the clay lining of the lagoon 
at Treasure Island was given on Thursday as originally scheduled. 

The Irrigation and Structural Divisions also met on Thursday 
morning. The program of the former included three main papers 
on concrete linings for irrigation canals, the water supply for the 
Central Valley project, and the permissible quality of irrigation 
water. In the latter the general subject was earthquake resistant 
design, on which four papers were presented 

As Thursday afternoon was devoted to luncheon and sightseeing 

at the Fair, the next technical sessions came on Friday, when 
Sessions ITI and IV of the Power Division's 


this time also the Sanitary Engineering Division made a; interest 
ing excursion to points of special interest, concluding with 4 supper 
at the picnic grounds near Redwood City. During the day the 
Structural Division also conducted a popular inspection trip, in 
cluding the monumental bridges and other features. 

The Golden Gate International Exposition more than fuifilled all 
expectations. Perhaps some out-of-town members wer inclined 
to forego the advantages of technical meetings to visit nearby 
Treasure Island. If so, their absence did not noticeably affect a: 
tendance. One reason for this was undoubtedly the excellen; plans 
to include the Fair in the official program. Shortly after noon op 
Thursday, immediately following the morning sessions, the exody: 
from headquarters began. By special bus, by ferry, and by Private 
car they left for the Fair and in such numbers that the dining 
facilities provided there both for lunch and for dinner were taxed 
far beyond expectations. The schedule left the afternoon and part 
of the evening for sightseeing. 

By night, the Fair took on an aspect even more beautify! than 
by day. The fountains, courts, and buildings stood out in colorfy! 
splendor, dominated by the graceful Tower of the Sun as a centra! 
point of focus. Many an engineer explored the art exhibits. thy 
various national and state buildings, and the showing of natural a; 
well as industrial resources. Then too, if the truth be told, not a 
few took advantage of the opportunity to investigate the attrac 
tions of the Gay Way. 

Because of the manner in which the program was arranged, social 
events at the St. Francis Hotel, headquarters for the meeting, wer 
relatively few. The most notable was the dinner and dance op 
Wednesday evening, largely attended and thoroughly enjoyed 
Following the splendid repast, the program was limited to a num 
ber of introductions and a few short informal speeches—an arrange 
ment designed to permit the enjoyment of a correspondingly longer 
period of dancing thereafter. 

A number of valuable supplementary meetings, held during th: 
week, deserve a word. The Local Sections Conference met all! day 
Tuesday for a helpful exchange of views; a more extended report 
of this meeting is expected to be available for a later issue. Various 
Board of Direction and Division committees met either before or 
during the Convention proper. The official summer meeting of 
the Board, with large attendance, extended through morning and 
afternoon sessions Monday and Tuesday. At the other end of the 
week, Friday and Saturday, the National Council of State Boards 
of Engineering Examiners held its sessions. For the six days pre 
ceding the convention week an enthusiastic party traveling by 
special Pullman and auto buses was enjoying a pre-arranged tour 
Lake Tahoe, Mono Lake, Yosemite Park, and the Mariposa Grove 
were significant points in the itinerary. 

That the civil engineer is held in high esteem in San Francisco 
and the West can be quickly sensed by a visitor. Easily the dom 
nating permanent features of the whole region are the two immense 
bridges giving easy access from a great city to areas east and north 
By such means the Fair is made accessible 


extensive symposium on Masonry Dams 
were presented throughout the day. Also 
on Friday, the Hydraulics Division and the 
Sanitary Engineering Division held morn- 
ing sessions. The former had on its schedule 
a paper dealing with the uses of flow and 
pressure nets in hydraulic investigations and 
one on flood experiences of the Southern | The 
Pacific Railroad. The Sanitary Engineer- 
ing Division considered aspects of water- 
shed and reservoir sanitation; the Minne- 
apolis-St. Paul chemical treatment plant; 
the sanitary fill method of refuse disposal 
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Plans Canceled. 
Annual Convention 


Secretary's Abstract of 
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New Prize for Papers on 


to the Bay regions on both sides. Thus, 
too, these structures have affected the trans 
portation, the economics, and the everyday 
thinking of all citizens. Visiting engineers 
as they continuously saw or traveled over 
these monumental structures, experienced 4 
569 renewed pride in their profession 


a Local residents made no comments on the 
p. 570 weather, but to most of the visitors cape: 
; | cially those who had experienced the full 
heat of summer in central California or in 

p. 572 the East, it seemed too good to be true An 


overcast sky in the morning usually gav' 


at San Francisco; the water supply system | Hydraulics p. 57 way to a sunny noon, which in turn Was 
of San Francisco; and the Richmond-Sunset Mead Award for Junior sometimes followed by billowing fog from 
sewage treatment plant. or Student Papers on the Pacific in the late afternoon No one 

or two 


On Friday afternoon the City Planning Ethics 
and Highway Divisions, in joint session, | 
heard three papers—on roadside control | 
through zoning, metropolitan highway prob- 
lems, and financial and physical plans. At 


Ballot 


Tellers’ Report on First 


569 complained of the heat, but one 


claimed that they found it too cold. Th 
lanni f meeting trips and excursions © 
p. 571 planning of meeting trip fies 


greatly simplified by such a clima 
prospective Conyention cities please not® 
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idies it seemed that the week was one continuous round 
iment. It began, as regards the advance registrants, as 
nday afternoon, and it continued with few intermissions 
.y afternoon. Trips to the Fair were interspersed with 
rid. and sightseeing tours. One event, on Friday, following 

| 1 in Palo Alto and a visit to Stanford University, was the 


nne 
ghtful because it came unexpectedly. Mrs. Herbert 
Hoover ‘ertained at tea in her lovely home on the University 
ampus [his was not only the last, but to many the crowning 
event he ladies’ program. 

Loca! officers and committee members had all meeting events 
der inuous and perfect control. They were gracious in say- 
ng that they too enjoyed the meeting. The enjoyment that comes 
fom satisfaction in a job well done they certainly must have had. 
No successful meeting ‘‘just grows’’; it results from long and care- 
ful preparation and hard work on the part of many individuals. 
rhe local committees, men and women, have the thanks of every 


endance for a fine week and a splendid convention, with- 


in at 


wt a single hitch. 


Hilgard Prize to Recognize 
Hydraulic Papers 


Ir has been previously noted in the August issue that the Society 
.s been made the beneficiary of a bequest from the late Karl E. 
Hilgard, M. Am. Soc. C.E., of Zurich, Switzerland. The purpose 
i this provision by Dr. Hilgard was to establish a prize in hy- 
iraulics, to be administered by the Society. 

When this matter was presented to the Board of Direction at 

meeting in San Francisco, the Board accepted the responsibility 
vith appreciation of its significance and value. At the same time 
e Board approved the specific provisions whereby the prize is 

awarded. Notation in the Society Year Book, including the 
now made effective by Board action, will appear as follows: 
ileard Prise. This prize was instituted in 1939 as a result of 
n endowment left to the Society for the purpose by the late Karl 
Hilgard, M. Am. Soc. C.E., of Zurich, Switzerland. 

|. The prize shall consist of a cash award of $50. 

Il. The prize may be awarded not more often than once in 


rules 


wo vears 
III. Papers in any of the volumes of TRANsactTions for the 


iennium under consideration are eligible. The award shall be 
given to the author or authors of that paper which is judged to be 
{ superior merit, dealing with a problem of flowing water, cither 
n theory or practice. Preferably the award shall be given to a 
paper which is not otherwise recognized by receiving a Society 
prize. The value of the paper shall be judged both on the basis 
f the subject matter and the method of presentation. 

IV. The Committee on Prizes each year shall consider the 
possibilities for the Hilgard Prize, whether or not it is to be awarded 
that year; and shall make recommendation accordingly. 

\. The Rules of this award and the cash value of the prize are 
ubject to the administration of the Board of Direction.” 


Appointments of Society Representatwes 


Rogert B. Brooks, M. Am. Soc. C.E., has heen appointed the 
Society’s representative to the Engineering Congress to be held 
at Wellington, N.Z., in February 1940, under the auspices of the 
New Zealand Institution of Engineers as part*of the celebration 
in connection with the centenary of the official founding of 
New Zealand 

James L. Fereper, M. Am. Soc. C.E., was appointed to represent 
the Society at the annual meeting of the National Council of 
State Boards of Engineering Examiners, which was held in San 
Francisco, Calif., July 26-29, 1939. 

Donato H. Sawyer, President Am. Soc. C.E., has been appointed 
one of the Society’s representatives on the John Fritz Medal 
Board of Award for the four-year term, October 1939 to October 


1943 

Joseru B. TIFFANY, Jr., Jun. Am. Soc. C.E., has been appointed 
ameniicr of the Society’s Committee on Hydraulic Research for 
the duration of his connection with the U. S. Waterways Experi- 
ments |.ion at Vicksburg, in place of Capt. Paul W. Thompson, 
‘ormer!, director of the Station, who has been transferred to 
anoth ignment. 
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t local committees encourage heads of engineering de- 


Tellers’ Report on First Ballot for 
Official Nominees 


New York, N.Y. 
August 1, 1939 


To the Secretary 
American Society of Civil Engineers: 
The tellers appointed to canvass the First Ballot for Official 
Nominees report as follows: 
For Vice-President, Zone I 


George Latimore Lucas. .. . 441 
Charles Milton Spofford ... . 327 
For Vice-President, Zone IV 
John Cyprian Stevens ......... 333 
For Directors, District 1 (two to be elected) 
Ernest Payson Goodrich ........ 25 
Lazarus White ..... 248 
Ineligible Candidates. ......... 101 
Scattering 169 
Blank . 264 
Total 1,036 


Actual number of ballots received ('/, of 


above figure) 518 
For Director, District 2 
Clarence Moore Blair . 48 
Charles Milton Spofford 6 
Ineligible Candidate mich 20 
Scattering ... KA 34 
For Director, District 6 
Clifford George Dunnells 87 
Seattering ... 15 
102 
For Director, District 10 
Armour Cantrell Polk ; 175 
John Franklin Reynolds 
For Director, District 13 
Charles Gilman Hyde 98 
Leon Hagop Nishkian ..... . 14 
Ineligible Candidate or 15 
Scattering 40 
Ballots canvassed 1,891 
Ballots withheld from canvass: 
From members in arrears of dues. . . . 102 
Without signature 7 109 
2,000 


Total number of ballots received . er 
Respectfully submitted, 
H. Mann, Chairman 
Bernard L. Weiner 
Howard Holbrook 
Edward N. Whitney 
Charles D. Thomas 
G. Birger Andreen 
F. V. Hayes 
Alexander A. Dedouloff 
Tellers 


A. C. Seaman 

Wm. J. Delaney 
Gilbert C. Whitney 
Sigmund Roos 
Bernard Gaber 
Clifton W. Bolieau 
Louis H. Lockwood 
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Meeting of the Board of Direction— = Membership 
Secreta ry $ A bst ract J uly 24 Mad, 1959 rable study applications for mem: 'rship, as 
. . submitted through the Committee on Membership Qual ations 
On Juty 24 and 25, 1939, the Board of Direction met at the St. After thorough discussion, action was taken on all the cases pre 
Francis Hotel, San Francisco, Calif., with President D. H. Sawyer sented. 


in the chair, and Secretary Seabury and the following members of ’ wo 
the Board in attendance: Past-Presidents Mead and Riggs, Vice- Communecatvons ‘ 
Presidents Noyes, Pirnie, and Ferebee; and Directors Agg, Ander- The Board authorized a letter of greeting to be addr, ssed to 
son, Ayres, Bres, Brooks, Davis, Dean, DeBerard, Harrington, Charles D. Marx, Hon. M. Am. Soc. C.E., of Palo Alto, Calif, the 
Hudson, Leeds, Legaré, Lewis, Needles, Root, Sawin, Shea, and ldest living Past-President. 
Stanton It also wired its regrets to another afflicted member. Ralph | ‘ 
Reed, of Los Angeles, a former Director. (Mr. Reed died two day 
In Memoriam ow ays 
later, July 27.) 
rhe Board stood for a moment of silence in respect to its late 
fellow member, Director Tiffany, who died on June 1, 1939. A Setsmological Studies 
committee was appointed to prepare suitable resolutions Sub- Upon receipt of a report from the Technical Procedure Com ee 
sequently the Board approved the committee's suggestion in the mittee, the Board endorsed in principle efforts to further seismo ae 
form as given in the August issue, logical knowledge and asked the - 
page 515 ———— — Committee to keep it informed aa: 
as to further development 
Forecast for September end Prins 
Minutes of the Executive “p di ” — 
Committee of the Society for roceeaings On recommendation of {h; 
April 16, 1939, and of the Board * x a \ Committee on Professional Cop 
for April 17-18 were discussed ComBininc Geopetic Survey ! 1ETHODS WITH duct, the Board approved th 
and approved; the actions of the CADASTRAL SURVEYS establishment of two prizes deal _ 
Executive Committee were By Carl M. Berry, Assoc. M. Am. Soc. C.E. ing with ethics, sponsored by 
adopted as actions of the Board Advocates a complete reversal of the classical “‘ground Past-President Daniel W. Mead 
‘ methods” of coordinating points in a geodetic survey. A separate item on another pag: 
gives more complete information 
With regard to the vacancy in DEVELOPMENT OF THE COLORADO RIVER IN THE ‘ : 4 ( 
the Board caused by the death Upper BASIN Compensatoms for Civil Engineer Sep 
of Director Tiffany, it was re- By Thomas C. Adams, Assoc. M. Am. Soe. CB. c a aes. of the 
ported that the four er . Facts pertaining to the prospective use of the water in the lished in the Felt ; " ‘a Sep 
the affected District, No. 12, had basin above Lee's Ferry, in Arizona. sere Meee ee ” 
unanimously endorsed and re- ENGINEERING, the Board ap- c 
commended Glenn L. Parker of FieLtp Tests or A SHALE FouNDATION pointed a committee to correlat: Chu 
Tacoma, Wash., for this vacancy. By August E. Niederhoff, Assoc. M. Am. Soc. C.E. am 9 -- this matter. As a fore 
Mr. Parker was unanimously Verification of current theories in soil mechanics by tests — joir 
elected to fill the unexpired term, on the foundation of Possum Kingdom Dam, on the Brazos CO the revise 
was presented to the Board, and River near Mineral Wells, Tex. of the former report After full 
took his place in all succeeding : discussion and minor changes, ‘ 
Tue Unir HyproGrapu PRrincipLe APPLIED TO the report, with its “Grading Plan 
SMALL WATERSHEDS and Compensation Schedule for 
Local Sections Revise By-Laws By E. F. Brater, Esq. Civil Engineering Positions” was d 
After adoption by the Sections Affords a clearer understanding of the natural phenomena adopted Copy of thi report in ) 
and reference to the Board, the involved in the production of a unit hydrograph and indi- — full will be found on pages 566 p 
By-Laws of the Oregon Section cates that the method is one of the best practical devices for 568. We 
and the Constitution and By- cli S. 
the Comets By predicting flood flows Other Matters 
Laws of the Syracuse Section : S 
were approved as revised. — Reports from standing com- Chu 
mittees and Society representa- 
J. Waldo Smith Fellowship on Hydraulics tives were received and discussed, with appropriate action; and S 
The committee on the J. Waldo Smith Fellowship on Hydraulics Similarly with other administrative matters. on $ 
recommended My secon 1939-1940 of Walter J. Meditz of Adjournment 1 
Polytechnic Institute of Brooklyn. Board confirme 
the Polytec hnic Institute o Brooklyn The Board confirmed the The Board adjourned to meet in New York, N.Y., on Saturday ae 
nomination and Mr. Meditz was appointed, as noted more fully " > - 
; ate September 2, 1939. p.m 
in the August issue, page 513. 
Hilgard Hydraulics Prize 
The Board adopted a resolution establishing “‘The Hilgard Concern for Society Membership 
Prize,” financed by a bequest from the estate of the late Karl Emil Tue following recommendations of the Society’s Committee on G 
Hilgard, M. Am. Soc. C.E., of Zurich, Switzerland. Rules for the professional Objectives, as reported to the Board of Direction at of t 
prize, as adopted, will be found elsewhere in this issue. its July 24, 1939, meeting were approved by the Board mee 
Financial Matters 1. That the Society, through its Local Sections, make a de- lurg 
“hp . ‘ termined and conscious effort to retain its present members, anc thre 
Various matters affecting the current financial budget were con- . : : ‘al Com and 
sidered, with discussion and appropriate action to new members. To accomplish ties, 
‘ ; ' ' mittee on Professional Objectives, or a Local Committee on New ran 
New Honorary Members Membership, or another committee appointed for the purpose, — 
Ballots were canvassed for Honorary Members, resulting in the shall be charged with the duty by the Boards of Directors 0 in : 
election of J. M. R. Fairbairn of Montreal and W. J. E. Binnie of each Local Section; 7 
London. Brief accounts of these eminent engineers appear in a 2. That Society Headquarters advise each such con apo H 
separate item elsewhere in this issue. local committee the names of members in that Section who are of 
ie about to resign, or to be dropped for non-payment of dues te 
Professional Objectives because of reaching the Constitutional age limit, so that the tien 
The Board adopted six. recommendations of the Committee on committee, through appropriate personal contacts with such inn 
Professional Objectives relating to maintainance of Society mem- members, may assist and encourage the members to retain their me 


bership, as reported in an adjoining item. 
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: local committees encourage heads of engineering de- 
ts to let it be known to their staffs that there is mutual 
ge in holding membership in the Society; 


.t each Society member act as a missionary to encourage 
jlications to the Society, by inviting qualified non-mem- 
attend Section meetings and in other dignified ways; 


1t such local committees take appropriate steps to en- 
Juniors and Associates to transfer to higher grades of 
ship as soon as qualified; and 


it members of Student Chapters be encouraged by local 
-ommittees to apply for Junior membership in the Society on 


gradu 1on 


If followed, these recommendations involve a responsibility on 
ividual member, as well as on various Society units. They 
represent the considered thought and desired action as suggested 
hy those who have given most intensive study to one of the great 
problems of an engineering organization. 


each ind 


Scheduled Meetings 


Cotorapo SecTt1on—Dinner meeting at the University Club on 
September 11, at 6:30 p.m. 


Dayton Section—Luncheon meeting at the Engineers Club on 
September 18, at 12:15 p.m. 

Greoroia Section—Luncheon meeting at the Atlanta Athletic 
Club on September 11, at 12:30 p.m. The Fourth Regional Con- 
ference on Surveying and Mapping, of which the Section is a 
joint sponsor, will be held at the Georgia School of Technology 
on September 6, 7, and 8. 


NortH CAROLINA SEcTION—Meeting with the Charlotte Engi- 
neers Club in Charlotte on September 18, at 9:30 a.m. 


NORTHWESTERN SEcTION—Dinner meeting on September 4, at 
30 p.m 


PITTSBURGH SECTION—Meeting with the Engineers Society of 
Western Pennsylvania on September 26, at 8:15 p.m. 


SACRAMENTO SECTION—Regular luncheon meetings at the Elks 
Club every Tuesday at 12:10 p.m. 


St. Louts Secrion—Luncheon meeting at the Mayfair Hotel 
on September 24, at 12:15 p.m. 


TENNESSEE VALLEY SecTion—Dinner meeting of the Chat- 
tanooga Sub-Section at the Y.W.C.A. on September 19, at 6:30 
p.m 


Recent Activities 


Georcta Secrion—Atlanta, July 13: A trip through the plant 
of the Atlantic Steel Company took the place of the regular July 
meeting of the Georgia Section. Robert W. Sandlin, chief metal- 
lurgist of the company, and Earl Shepherd conducted those present 
through the plant. The group then witnessed a baseball game, 
and later in the evening a chicken dinner was served in the restau- 
rant of the Atlantic Steel Company. Following dinner, Mr. 
Sandlin addressed the gathering on the subject, “Steel and the 
Engineer,” discussing particularly the chemical problems involved 
in making steel. 


INDIANA Section—Lafayette, July 16: This was the occasion 
of the annual outing held at the Ross Camp of the Purdue Uni- 
versity school of civil engineering. Prof. George E. Lommel, who 
is in charge of the camp, was host at a fine dinner. The list of 
speakers included J. Emmett Hall, vice-president of the Section, 
who explained the workings and purpose of the Society; Presi- 
dent Elliott, of Purdue University, who outlined briefly his plans 
for the camp; and David Ross, president of the board of trustees of 
Purdue. L. E. Martin was then introduced as master of ceremonies 
and conducted a series of amusing contests. 


MICHIGAN Section—East Lansing, May 26: Joint dinner meet- 
ing with the Michigan State College Student Chapter. Carl Hauss, 
retiring president of the Student Chapter, presided and introduced 
a number of guests to the membership. Dean Dirke, of the 
Michigan State College engineering school, then spoke briefly. 
He was followed by Louis E. Ayres, Director of the Society, who 
discussed the problems of the Society—particularly those of a 
financial nature. The principal speaker of the evening was Orion 
Ulrey, professor of economics at the college. Professor Ulrey’s 
talk on the Scandinavian countries, in which he has traveled and 
studied extensively, proved of exceptional interest. 


OKLAHOMA SEcTION—July 15: An inspection trip to the site of 
the Great Salt Plains Dam attracted the largest attendance of any 
activity of the Section held in recent years. During the afternoon 
members of the U. S. Engineer Office acted as guides for inspection 
of the construction of the earth dam and of the excavation of the 
pits. The methods of making soil tests and the interpretation of the 
results were thoroughly explained in the soils laboratory. After 
a dinner in the ‘‘mess hall,’’ C. H. Guernsey discussed the history 
of the Great Salt Plains and the plans under way to establish a 
wild life refuge there. A talk by W. L. Kuehnle, acting principal 
engineer in the U. S. Engineer Office at Tulsa, concluded the even- 
ing program. Mr. Kuehnle explained the organization of the U. S. 
Engineer Department and discussed how engineering projects are 
initiated. 


OreGon Section—Portland, July 21: This meeting was held 
in honor of Donald H. Sawyer, President of the Society, who was 
the principal speaker. Colonel Sawyer discussed various phases 
of Society activity, including its financial status and the need for 
new members. It was moved, seconded, and unanimously passed 
that the Section endorse the action of the Board of Direction in 
recommending Glenn L. Parker to serve the unexpired term of the 
late Ross K. Tiffany. 


SACRAMENTO SEcTION—July 11, 18, and 25: Interesting pro- 
grams were arranged for the regular weekly luncheon meetings of 
the Section. The speaker at the first of these was H. H. Jaqueth, 
planning engineer for the city of Sacramento, who discussed the 
newly established City of Sacramento Housing Authority. On the 
18th and 25th the speakers were, respectively, Clifford Wahl, 
former construction superintendent for the United Fruit Company, 
and Arthur A. Sauer, office structural engineer in the Division of 
Architecture of the State Department of Public Works. The iat- 
ter discussed the organization and work of the Division of Archi- 
tecture, while Mr. Wahl’s subject was ‘Civilization in Tropical 
America.”’ Juntor Forum, July 12: Entertainment on this oc- 
casion consisted of the presentation of a film showing the continu- 
ous strip process of sheet steel rolling. 


Soutu CAROLINA SecTion—Greenville, July 14 and 15: Annual 
summer meeting of the Section held jointly with a meeting of the 
South Carolina Society of Engineers. During the technical session 
several speakers were heard. These included F. H. Calhoun, dean 
of the school of chemistry and geology at Clemson College, and J. 
P. Lucas, of the Duke Power Company. Members of the Section 
also enjoyed a field trip to the Greenville water supply reservoir 
at Table Rock. 


TENNESSEE VALLEY SecTION—Knoxville Sub-Section, July 11: 
The principal speaker at this regular monthly dinner meeting was 
William C. Fitts, solicitor for the Tennessee Valley Authority and 


Hawan Secrion—Homnolulu, July 11: The speaker and guest 
of honor at this dinner meeting was William A. Dittmer, member acting head of the TVA legal department. Mr. Fitts’ talk on the 
of a Special Committee on Depreciation of the National Associa- subject, ‘‘Legal Basis for Federal Water Control Project,’’ aroused 
nes of Utility Commissions. Mr. Dittmer, who is in Hawaii on much discussion. The session concluded with a report on a recent 
‘ave from the Illinois Commerce Commission, gave an interest- meeting of the Committee on Professional Objectives. This was 
ing talk the subject of depreciation. given by H. L. Fruend, a member of the committee. 
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ITEMS OF INTEREST 


Engineering Events in Brief 


The Smeatonian Society of Civil Engineers 


NeaRLY a hundred and seventy years 
ago a body of civil engineers was estab- 
lished in England which still continues to 
hold regular meetings. The creation of 
John Smeaton, it came together for the first 
time on March 15, 1771, at the King’s 
Head Tavern, in Holborn, London 

A facsimile copy of the original minute 
book was recently presented to the Engi 
neering Societies Library It is a most 
interesting document, and throws light 
on the lives of many of the men whose 
work in the closing years of the eighteenth 
century was producing fundamental 
changes in transportation and industry in 
Britain. The following comments on the 
the history of this organization, with ex- 
cerpts from the early minutes, are from 
an unsigned article on the April 1939 issue 
of The Engineering Journal, monthly 
publication of the Engineering Institute 
of Canada 

“By the middle of the eighteenth 
century, a notable class of civilian engi- 
neers had arisen, whose occupation it was 
to design and construct canals, roads, 
bridges, harbours, mills and machinery and 
other works analogous to those formerly 
executed by engineers in military service 

“John Smeaton, then prominent in 
engineering work of this kind in England, 
particularly in connection with the drain 
age of the fens and the building of the first 
Eddystone lighthouse, was among the first 
of these practitioners who adopted the 
title of ‘civil engineer’ to distinguish them- 
selves from the military branch. At the 
same time he saw the advantage to the 
members of this new profession that would 
arise if they met together from time to 
time for friendly discussion. A society was 
accordingly formed for this purpose; its 
first meeting took place on March 15th, 
1771, in London, at the King’s Head 
Tavern, Holborn, Mr. Smeaton being 
present although not in the chair. Its first 
resolution was as follows: 

‘*Agreed that the Civil Engineers of 
this Kingdom do form themselves iato a 
Society consisting of a President, a Vice 
President, Treasurer Secretary, and other 
Members who shall meet once a fortnight 
on Saturday evenings at seven o'clock from 
Christmas or so soon as any of the country 
members come to Town (of which they 
shall give notice to the President) to the 
end of the sitting of the Parliament at the 
King’s Head in Holborn. It is further 
agreed that each Member in Town shall 
pay a forfeit of one shilling for being Ab 
sent, unless he is out of Town. It is also 
agreed that Rules and Orders shall be 
constituted for the well governing of this 
Society.’ 

‘‘Members of the new Society were not 
long in realizing the fundamental impor- 
tance of finance in their operations, for at 
the very next meeting it was found that 
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funds other than the ‘forfeits’ must be 
provided and properly administered. Ac- 
cordingly, it was then voted as follows: 
‘And whereas there will be some ex- 
pences attending the carrying on the busi- 
ness of the Society it is agreed that all 
forfeitures shall be applied to that purpose, 
and that each Member shall pay into the 
common Stock three pence Weekly to be 
laid out as the Society shall think proper 


“This system of finance seems to have 
proved somewhat difficult in practice, for 
just a year later it was 

“ ‘Resolved that every person admitted 
a member shall upon such admission pay 
one Shilling for the benefit of the Society 
in lieu of all Fines, Forfeitures and Weekly 
Contributions.’ 

“But after only six years, on March 
14th, 1777, the amount had to be in- 
creased to five shillings 

“These rulings, however, were subject 
to temporary modification in cases of 
emergency, for it is recorded that at the 
very next meeting, 

“*Mr. Pierce our Landlord was elected 
a Member of this Society and instead of 
the customary fee for introduction, fur- 
nished a five shilling Bowl of Punch and 
then this meeting was adjourned to this 
day s’ennight.’ 

“With such prudent management, and 
with the motto, Omnia in numero pondere 
et mensura, the Society flourished for 
twenty years, when its roll of over sixty 
members included the names of such 
prominent engineers, natural philosophers, 
and constructors as Smeaton, Grundy, 
Whitworth, Priestly, Boulton, Watt, and 
Rennie 

“Apparently many of the first members 
were concerned with schemes for public 
works or enterprises for which parliamen- 
tary sanction was needed. This would ex- 
plain their presence in London and the 
holding of meetings while Parliament was 
sitting. No doubt it was this common in- 
terest which led to their association as a 
society for the communication of ideas and 
knowledge and for regular meetings. The 
old minute book records that one of these 
evenings was ‘spent canallically, hydrau- 
lically, mathematically, philosophically, 
mechanically, naturally, and _ socially’; 
another meeting is chronicled as being 
‘agreeably contradictory,’ a characteristic 
which is not unknown in some societies of 
the present day. 

“But the young society had its ups and 
downs. There are apt to be very critical 
people in all such bodies. Even Smeaton 
is believed to have commented unfavor- 
ably on some of the reports made by 
brother engineers. There were finally 
‘some untoward circumstances in the be- 
haviour of one gentleman, towards Mr. 
Smeaton’ which ‘gave rise to disunion.’ 
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In fact in 1791 there was a distinct y 
pleasantness. An attempt to patch jt , 
resulted in Mr. Smeaton’s acc: pting ay 
apology, but ‘the remembrance of it ha 
an effect on all present.’ Shortly ther, 
after in May, 1792, the society ceased ; 
exist, by mutual consent of its member 

“Without much delay it was irrang: 
to renew the society ‘in a better and mo, 
respectable form.’ Smeaton agreed to 
a member, but he died in October of tha 
year, and the first meeting of the recoy 
stituted society did not take place untij 
April, 1793. 

“That Society still exists in London a: 
the Smeatonian Society of Civil Engineer. 
It now consists of forty-eight engine; 
members and twelve honorary membe; 
who dine together six times a year, and 
course have an Annual General Meeting 
As Sir Alexander Gibb points out in jj 
life of Telford, the reformed Society wa: 
‘from the outset eclectic, and only th 
senior and the eminent were eligible’ { 
membership. Its list of presidents—co: 
tinuous since 1841, except for the years 
the war—reads like a catalogue of dis 
tinguished engineers, including as it doc 
such names as Rennie, the Stephenson 
Brunel, Donkin, Siemens, Wolfe Barr 
Baker, Kennedy, Unwin, Fitzmaurice and 
Denny. 

“The Society takes pride in maintaining 
that respect for custom and _traditio: 
which is characteristic of so many Britis! 
organizations. In fact, since 1794, th 
following toasts have invariably been pr: 
posed at its dinners: 


“*The King and Constitution, 
‘The Society of Civil Engineers, 
‘Absent Members, 
‘The Memory of our late worthy brothers 
Mr. Smeaton, Mr. Mylne, Mr. Watt 
and Mr. Rennie,’ and 
‘Success to Waterworks, public or privat: 
that contribute to the comfort, 
or the happiness of mankind.’ 


“These are always followed by a sent: 
‘Dam the Canals, Sink the Coal 


ment: 
Pits, Blast the Minerals, Consum« va 
Manufactures and Disperse the Com- - 
merce of Great Britain and Ireland the 
“At the 150th anniversary of the founda- 

tion of the Society, celebrated in 1921, *t can 
President, John Strain, M. Inst CI 
stated that ‘forty-seven years after th An 
Society was formed, it constituted 4 os 
nucleus from which The Institution va 
Civil Engineers was established on Januar) , i 
2nd, 1818.’ Thus the Smeatonian Society 
of Civil Engineers—probably the oldest ws 
engineering society in the world —was 
sense the parent of that senior Engine zs 


} ynoural it 


ing Institution whose long and 

record goes back to the very early deys ® 
the development of engineering 4s 4 
fession.”’ 
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for October 


NA \LIZATION Of the railroads— 
ate remedy for a desperate 
is suggested by Col. William 


|} Wileus in an article now scheduled for 


issue of ENGINEERING. 
rh or sees no feasible alternative 
ae © avert ultimate disaster. His 

for action are concrete and de- 


\ concise and fascinating history of 
—— up to the invention of the theo- 
dolite in 1571, is the contribution of Prof. 


Ww H. Rayner to the October issue. It is 
. he followed in November by a second 
tracing the developments of more 
cent times. The dioptra, the groma, 
 chorobates, the compass, and the 
struments of Agricola are all described 
and illustrated, and there is a select 
»ibliography for those wishing to pursue 
the subject further 

Progress in earthquake resistant design 
ic reviewed by Henry D. Dewell in a 
paper which had its origin on the Annual 
Convention program. He divides the 
omparatively short history of seismology 
and seismic design into four periods, be- 
ginning with 1880; the first ends with the 
San Francisco quake of 1906, the second 
with the Tokyo and Santa Barbara quakes 
f the 1920’s, the third with the Long 
Beach quake of 1933, and the fourth con- 
tinues through 1939. Progress in each 
period is analyzed, and the paper con- 
ludes with a summary of “what we think 
we know” about earthquake-resistant con- 
struction today 

For hydraulic engineers the technique of 
an interesting piece of field research is 
jescribed by F. A. McCaughan. It is a 
study of the value of m in the Trinity 
River floodway at Dallas. Also for hy- 
iraulic and irrigation engineers is the 
urticle by M. J. Dowd, deferred from this 
month's issue, on silt problems in the 
Imperial Valley 

One paper each on highways, bridges, 
slum clearance, and public buildings are 
also on the tentative schedule. 


n 


Unwin Biography Published 


rue Lire and Work of William Caw- 
thorne Unwin" is the title of a 240-page il- 
lustrated volume just published by the 
Unwin Memorial Committee in London. 
Entire proceeds from sales of this book in 
the United States will be added to the 
memorial fund to which numerous Ameri- 
can engineers have already contributed. 

Che life of the late Dr. Unwin, Hon. M. 
Am. Soe. C.E., says the publisher’s an- 


founcement, “spanned practically the 
whole development of modern technical 
; seme He was born in 1838 and 
“ied Dut six years ago.] His earliest work 
was with men who are now reckoned 
among the pioneers of engineering. It isa 
‘ong step backwards to the times of the 
“astruchon of the Britannia and Conway 


ier wrought-iron bridges of the 
riod, to the investigations of 
iault, and Rankine and the 


first foundations of thermodynamics, to 
the earliest uses of iron plates for ship 
construction. The story of Unwin’s life 
begins at that period and carries the reader 
through three-quarters of a century of 
development of civil and mechanical engi- 
neering up to the last great civil engineer- 
ing work upon which his opinion was asked, 
the Mersey Tunnel. 

“To all who have an interest in engineer- 
ing progress, to the older engineers who 
knew of Unwin and his works in the days 
of his zenith, to younger engineers who 
may wish to learn of the practice of engi- 
neering and the development of engineer- 
ing education in the days of their fathers 
and even of their grandfathers, this ac- 
count of Unwin’s life should be of interest.”’ 

Copies of the biography can be pur- 
chased at 12s. 6d. (about $3) each, post- 
paid, from G. A. Hicks, Unwin Memorial 
Committee, 15A, Grosvenor Mansions, 82, 
Victoria Street, London, S.W.1. The 
memorial fund is to be used to endow an 
“Unwin Scholarship’ at the City and 
Guilds College, South Kensington, where 
so much of Unwin’s most important work 
was done. 


New Standard for Dimensions 
of Pipe and Tubing 


Tue American Standards Association 
recently announced approval of a new 
standard for Dimensions and Materials of 
Wrought-Iron and Wrought-Steel Pipe and 
Tubing which should result in considerable 
savings in cost and convenience to manu- 
facturer and user industries. The new 
standard consists of ten weight and thick- 
ness schedules running from the lightest to 
the heaviest pipe commonly used. Pro- 
visions for new materials and more severe 
service conditions than contemplated, even 
at present, are provided for in the new 
schedules in that the thicknesses are not 
tied to particular pressure-temperature 
conditions or materials as formerly. 

Every effort has been made to coordi- 
nate the new with what has gone before. 
Standard weight and extra-strong thick- 
nesses of the old schedules coincide closely 
with two of the new schedules. Thus old 
thicknesses can still be ordered while tak- 
ing advantage of the new, more elastic 
schedules. 

The standard is available from the 
American Standards Association, 29 West 
39th Street, New York, N.Y., at 50 cents 
a copy. 


Brief Notes from Here 
and There 


INITIATION of a broad program on the 
coordination of dimensions of building ma- 
terials and equipment is announced in the 
August issue of Industrial Standardization, 
house organ of the American Standards 
Association. The major objective is to 
promote economies in field erection, but 
numerous other benefits are expected to 
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be achieved as well. Thirty-six industrial 
and technical organizations and govern- 
ment groups interested in building ma- 
terials or housing hold membership on the 
committee that is to conduct the work. 
The American Society of Civil Engineers 
is represented by R. L. Bertin. 


* . 


CELEBRATING the centenary of the 
official founding of New Zealand, an in- 
ternational exhibition will be held in 
Wellington from November 1939 through 
April 1940. In connection therewith, 
the New Zealand Institution of Engineers 
announces an Engineering Congress, sched- 
uled for February 1940. A cordial invita- 
tion to attend is extended to all members of 
the Society who may be able to do so. 
Robert B. Brooks has been appointed to 
represent the Society at the Engineering 
Congress. 

* 


“CONSTRUCTION Day”’ at the New York 
World’s Fair will be Tuesday, October 3. 
A program on the theme of “Building 
Progress in the World of Tomorrow,”’ to be 
given in the morning of that day in the 
Hall of Special Events, is scheduled as the 
main feature of the program. Plans are 
being sponsored by the New York Build- 
ing Congress, Inc. Daniel T. Webster, M. 
Am. Soc. C.E., and George T. Seabury, 
Secretary, are members of the committee 
on arrangements. 


NEWS OF ENGINEERS 
Personal Items About Society Members 


HARLOWE M. STAFFORD, previously 
with the Division of Water Resources, 
State Department of Public Works, 
Sacramento, Calif., is now counselor, 
Region 7, National Resources Planning 
Board, and engineer in charge of the Pecos 
River Joint Investigation, New Mexico 
and Texas. His headquarters are at Ros- 
well, N.Mex. 


CHARLES H. Youna, president of Young 
and Stanley, Inc., of Muscatine, Iowa, has 
sold the firm to the Stanley Engineering 
Company. Mr. Young will practice in- 
dependently as a consulting engineer in 
Muscatine. 


WILLIAM WILSON, architect and con- 
sulting engineer of New York City, re- 
places ALFRED RHEINSTEIN as head of 
the New York City Department of Hous- 
ing and Buildings. Mr. Wilson was pre- 
viously adviser to the State Board of 
Housing on low rent and slum clearance 
projects and a consultant to the Tri- 
borough Bridge Authority. Mr. Rhein- 
stein will now devote all his time to his 
position as head of the New York City 
Housing Authority. 


Joun P. HoGAN has resigned as chief 
engineer of the New York World's Fair to 
resume private practice as a member of 
the engineering firm of Parsons, Klapp, 
Brinckerhoff and Douglas, New York City. 
He will continue as a vice-president of the 
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Fair corporation and as its chief engineer- 
ing consultant 


Harry H. BaGctey, until recently with 
the Turner Construction Company of New 
York, is now a lieutenant (jg) in the Civil 
Engineer Corps of the U.S. Navy Depart- 
ment. He is stationed at the Bureau of 
Yards and Docks, Washington, D.C 


R. A. Davipson is now district bridge 
engineer for the Pennsylvania Department 
of Highways, Scranton, Pa He was 
formerly an engineer for the Porterfield- 
Binger Construction Company, Youngs- 
town, Ohio 


Neat D. Samiru has just been appointed 
city manager of Ontario, Calif. For the 
past eleven years he was with the Metro- 
politan Water District of Southern Cali- 
fornia in the capacity of office engineer 
and assistant engineer of construction on 
the Eagle Mountain and Hayfield pump- 
ing plants of the Colorado River Aqueduct. 


Georce E. LomMmet succeeds Virgil M. 
Simmons as chairman of the Indiana State 
Planning Board. Mr. Lommel is associate 
professor of civil engineering at Purdue 
University 


Joun S. Dopps, professor of civil engi- 
neering at Iowa State College, and L. M 
MarTIN, who is with the Iowa State High- 
way Commission, have been reappointed 
to the lowa Board of Engineering Exam- 
iners. Another appointment to the Board 
is HowarpD R. GREEN who succeeds CLARE 
H. Currie 

KENNETH K. KING is now located at 
Indianapolis, Ind., in the capacity of 
district engineer for District III and utili- 
ties engineer for all districts of the Farm 
Security Administration, U.S. Department 
of Agriculture Until lately he was 
principal sanitary engineer of the Ad- 
ministration in Washington, D.C. 


WHEN a board of nine engineers met re- 
cently on the Lower Rio Grande Project to 
consider the development of international 
irrigation facilities for the Lower Rio 
Grande, it turned out that all were mem- 
bers of the Society. In the accompanying 
group photo they are arranged from left 
to right, as follows: James L. Lytel, 
project engineer for the International 
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SAMUEL LrPTON, has accepted a position 
as assistant engineering aid in the National 
Park Service, Zion National Park, Utah. 
Formerly he was engineer's helper in the 
Wyoming State Highway Department at 
Cheyenne. 


E_mer K. Nevson, formerly city engi- 
neer of Laramie, Wyo., is now engineer for 
the state of Wyoming in the tri-state North 
Platte river water suit. 


A. N. Carrer, until lately a civil engi- 
neer with the Firestone Plantations Com- 
pany, in Liberia, has accepted a position 
as news editor for the Engineering News- 
Record 


HAROLD E. WessMAN, professor of 
structural engineering at New York Uni- 
versity for the past two years, has just 
been appointed chairman of the depart- 
ment of civil engineering in the college of 
engineering at the university. 


P. HuGues, city engineer of 
Lewiston, Idaho, has been appointed chair- 
man of the newly created Idaho Engineer- 
ing Board. Other members of the Society 
on the Board are R. J. NEWELL, resident 
engineer for the U. S. Bureau of Reclama- 
tion at Boise, who is vice-chairman, and 
J. E. BucHANAN, dean of the engineering 
school at the University of Idaho. 


James MacGrecor MacMartin, for 
half a century with the Delaware and 
Hudson Railroad, has retired from his 
position as chief engineer. 


Apet WoL”MAN, head of the Maryland 
State Planning Commission and a member 
of the faculty at Johns Hopkins Univer- 
sity, and W. PaGon, consulting 
engineer of Baltimore, Md., are among the 
appointees to the new Baltimore City Plan 
Commission. 


Boundary Commission; Alfred Tamm and 
E. N. Noyes, consulting engineers; L. M. 
Lawson, American Commissioner for the 
International Boundary Commission; J. G. 
White, consulting electrical engineer; 
Joseph L. Burkholder, senior engineer for 
the Commission; Royce Tipton, consult- 
ing engineer; Richard Stephens, engineer; 
and R. J. Cummins, consulting engineer. 


Socrety MEMBERS CONFER ON Lower R1o GRANDE PROJECT 
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E.ton D. WALKER, for the pa thirty 
nine years a member of the faculty ,, 
Pennsylvania State College, has rtireg 
the active head of the departmen: of ejyy 
engineering. Professor Walker presi. 
dent emeritus of the Pennsylvani. Sewage 
Works Association, which he w instry 
mental in organizing, and on June 27 wa. 
guest speaker at the annual dinner of th). 
group. 


CuarLes P. Gross, lieutenant -colone| 
Corps of Engineers, U.S. Army, has been 
made district engineer at Rock Island 
Ill. He was formerly stationed at Fort 
Belvoir, Va. 


H. J. Krugecer has been transferred 
from the New York office of the United 
States Steel Products Company to Shang 
hai, China, where he is now office manager 
His address is 17 Canton Road 


M. C. Bover, who is on the staff of the 
U. S. Geological Survey, has been pro 
moted from the position of junior engineer 
to that of associate engineer. He is located 
in Washington, D.C. 


WitiiaM T. COLLIns recently resigned 
as junior assistant engineer for the Mus 
kingum Watershed Conservancy District 
in order to accept an appointment as junior 
engineer with the Hydraulic Reports Se 
tion of the Huntington District of the 
U.S. Engineer Corps, with headquarters a: 
Huntington, W.Va. 


Lewis E. Moore has returned to his 
former offices at 73 Tremont Street, Bos 
ton, Mass., and has resumed practice as an 
independent consulting engineer. For a 
time recently he was connected with the 
engineering firm of Moore and Haller, Inc 
of Cambridge, Mass., which is being dis 
solved. 


B. has left his position 
as associate engineer with the U. S. Geo 
logical Survey to become an engineer with 
the Medusa Portland Cement Company 
with headquarters at 1000 Midland Build 
ing, Cleveland, Ohio. 


Georce L. HALL, acting chief engineer 
of the Maryland State Department of 
Health, has been appointed chief of the 
department, succeeding ABEL WOLMAN, 
who resigned as chief several months ago 
Mr. Hall has been connected with the de 
partment for 20 years. 


Armour T. GRANGER has been ap 
pointed to the position of associate pro 
fessor of civil engineering at the University 
of Tennessee, where he will be in charge of 
instruction in concrete and steel design 
For the past ten years Mr. Granger has 
been assistant engineer in the New York 
office of Ash-Howard-Needles and Tam 
men. 


CHRISTOPHER E. SHERMAN recently © 
signed as professor of civil engineering 4 
Ohio State University after 45 years ™ 
the civil engineering department 


Ciype N. Bares, formerly sales eng! 
neer for the Republic Portland Cement 
Company, of San Antonio, Tex., has been 
appointed assistant sales manager [or the 
Gulf Portland Cement Company, 
Houston, Tex. 
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Asm (M. ’24) engineer 
for the American Cyanamid 
of New York, N.Y., died on 
Tuly 10, 1939, at the age of 54. From 1907 
, 014 Mr. Ash was with the Bureau of 
ring at New Brighton, N.Y., and 

latter year until 1917 with the 
Service Commission of New York 
Later he was with the Central 
pyestuf?’ and Chemical Company, of 
Newark, N.J., and with M. Shapiro and 
Son, of New York City. He joined the 
«aff of the American Cyanamid Company 


Engine 


n 1922 

james C. Bett (M. '27) senior construc- 
‘on engineer for the Board of Education 
at Rochester, N.Y., died on June 10, 1939, 
the age of 54. From 1906 to 1924 Mr. 
Rell was in the Department of the State 
Engineer and Surveyor of New York, be- 
intes having charge of various construc- 
tion projects in upstate New York. From 
4 to 1926 he was commissioner of 
oublic works of Schenectady, N.Y., and 
n the latter year became connected with 
‘he Board of Education at Rochester 

Morton (Assoc. M. ’32) 
ecutive engineer for the Public Works 
Department, Segamat, North Johore, 
Federated Malay States, died on January 
, 1939. Mr. Billing, who was 35, was 
orn and educated in England. From 
924 to 1926 he was junior assistant in 
the County Borough Engineer’s Office, 
Corporation of Southend-on-Sea, England. 
In the latter year he went to Singapore as 
assistant engineer in the Public Works De- 
partment of the Federated Malay States. 


Josepn ParricK Burns (Assoc. M. ’08) 
engineer for Burns Brothers and Haley, 
of Watertown, N.Y., died on July 4, 1939. 
He was 64. From 1904 to 1906 Mr. Burns 
was in the Department of the New York 
State Engineer, and from the latter year 
until 1907 a member of the firm, Burns 
Brothers and Haley, of Watertown. He 
then served as assistant engineer in the 
Department of the New York State Engi- 
neer for awhile before making a permanent 
onnection with Burns Brothers and 
Haley 


Danie. YounG Dimon (M. ’08) assist- 
ant engineer-designer for the New York 
City Board of Water Supply, died in 
the Long Island College Hospital on July 
‘, 1939, at the age of 65. At the outset 
of his career—in 1896—Mr. Dimon be- 
came connected with the American 
Bridge Company. Later he was with the 
Foster Wheeler Corporation and, for a 
number of years, was assistant steel engi- 
neer for the George A. Fuller Construction 
‘ompany. From 1930 to 1938 he was 
with Gibbs and Hill, and in the latter year 
ie jomed the New York City Board of 
Water Supply During the war he served 
* engineer in charge of design and con- 
‘truction in a shipbuilding yard. 


Guy ¢ ‘RLETON Emerson (M. ’04) of 
soston, Mass., died in that city on July 


17, 1939, at the age of 72. During his 
early career Mr. Emerson was engaged in 
sewage, subway, and bridge work in Bos- 
ton, and from 1905 to 1908 he was on ir- 
rigation projects for the federal govern- 
ment in Wyoming. He then became con- 
sulting engineer for the Boston Finance 
Commission, where he remained for 
twenty-five years, retiring in 1936. 


FRANCIS JAMES FirzPATRICK (Assoc, M. 
13) major, Corps of Engineers, U. S. 
Army, was killed in an automobile accident 
on July 15, 1939. Major Fitzpatrick, who 
was 55, was executive officer for the U. S. 
Engineer Office at Pittsburgh at the time 
of his death. Earlier in his career he was 
employed by various railways, including 
the Chicago, Milwaukee and St. Paul, the 
Northwestern Elevated, and the Oregon- 
Washington Railroad and Navigation 
Company. In 1911 he became connected 
with the Isthmian Canal Commission. 


Louis Prevost Gaston (M. '05) of 
Somerville, N.J., died on July 14, 1939, 
at the age of 74. In 1889 he began his 
career, working for the Cofrode and Evans 
Company. Later he was associated, suc- 
cessively, with the Norfolk and Western 
Railway, the New York, Susquehanna and 
Western Railroad, and the Raritan Water 
Power Company. In 1901 he founded the 
contracting firm of Richards and Gaston, 
of which he was president from 1910 until 
his retirement in 1925. 


RALPH J. Reep (M. '20) former Direc- 
tor of the Society, died in Los Angeles, 
Calif., on July 27, 1939, at the age of 56. 
Following his graduation from the Uni- 


J. REED 


versity of Michigan in 1908, Mr. Reed 
entered the employ of the Union Oil 
Company of California, where he re- 
mained until the close of 1929. During 
the earlier years of this period he served 
as an engineer in the transportation and 
sales departments, and from 1918 to 1929 
as chief engineer in charge of all engineer- 
ing design and construction and as execu- 
tive head of its safety organization. From 
1929 on he maintained a private practice 
in Los Angeles. Mr. Reed was active in 
the technical affairs of the American 
Petroleum Institute, particularly in mat- 
ters of standardization, fire protection, and 
corrosion study. He also served for three 
years as a member of its General Stand- 
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ardization Committee and as national 
chairman of its Committee on Steel Tanks 
for Oil Storage. Mr. Reed was a former 
president of the Los Angeles Section of 
the Society and of the California State 
Board of Registration for Civil Engineers. 
Long active in the affairs of the Society, he 
served as Director from 1933 to 1935. 


Ceci, New Haccart (Assoc. M. '08) 
structural engineer of Pittsburgh, Pa., died 
on July 29, 1939, at the age of 64. Early 
in his career Mr. Haggart worked for both 
the American Bridge Company and the 
McClintic-Marshall Company, and from 
1908 to 1912 he was bridge designer for 
the New York State Barge Canal. He then 
established the private structural practice 
which, except for a two-year period, he 
maintained until his death 


RALPH STEVENSON HAWLEY (M. '11) 
city engineer of Emeryville, Calif., died 
on July 30, 1939, at the age of 62. From 
1903 to 1907 Mr. Hawley was with the 
U. S. Geological Survey, and from 1907 
to 1908 in the city engineer's office at 
Oakland, Calif. In the latter year he be- 
came city engineer of Emeryville, remain- 
ing in this position until his death. 


WILLIAM JOSEPH JUDGE (Assoc. M. '34) 
retired hydraulic and dredging engineer of 
Cooperstown, N.Y., died on June 30, 1939, 
at the age of 59. Colonel Judge was en- 
gaged on many projects, including the 
construction of parts of the Panama Canal, 
reclamation work for the British Govern- 
ment in Trinidad, and construction work 
in Greece for the Monks-Ulen Company 
of New York. He was a veteran of the 
Spanish-American War and of the World 
War, during which he commanded the 303d 
Engineers, A.E.F., in France. 


Daviw Morrow (M. ‘19) 
retired consulting engineer of Cleveland, 
Ohio, died there on July 5, 1939, at the 
age of 72. From 1893 to 1901 Mr. Mor- 
row was with the Variety Iron Works 
Company, and from the latter year to 1911 
with the Cleveland Railway Company. As 
head of his own consulting practice, 
established in 1911, Mr. Morrow designed 
a reservoir for the city of Detroit and nu- 
merous water works and reservoirs in Ohio. 
He retired several years ago. 


(Assoc. M. '37) traveling 
engineer for the PWA at Highland Park, 
Mich., died on April 13, 1939, at the age 
of 53. Mr. Olmstead was with the Stone 
and Webster Engineering Corporation 
from 1912 to 1916, and the Harry M. Hope 
Engineering Corporation from 1916 to 
1920. Im the latter year he was made 
superintendent of construction for J. A. 
Utley, contracting engineer of Detroit, 
Mich., remaining there until 1925 when 
he became president of the general con- 
tracting firm, Beyster and Olmstead. Mr. 
Olmstead joined the staff of the PWA in 
1934. 


Jean LECLERC DE PULLIGNY (M. '12) 
inspecteur général des ponts et chaussées en 
retraite, Antibes, France, died on April 7, 
1939. Commandant de Pulligny, who was 
88, spent his entire professional career in 
his native country, France. Though ad- 
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vanced in age at the time of the war, he 


volunteered as a major of military engi- 
neers, which grade he had formerly oc- 
cupied as an officer in the reserve army, 
and was put in charge of a road builders’ 
group of the Sth army on the Lorraine 
front. Later he was inspector general to 
the ministry of munitions and, in 1919, was 
decorated for his services with the French 
military cross. He was made inspector 
general of bridges and roads in 1920 


Joun MatruHew Raysurn (M. ‘17) 
civil and mining engineer of Pittsburgh, 
Pa., died at his home in that city on July 
20, 1939. Mr. Rayburn, who was 69, 
spent the early years of his career in min 
ing, railroad, and irrigation work for vari- 
ous firms in this country and Mexico. 
From 1904 on he was engaged in the gen 
eral practice of engineering in Pittsburgh, 
specializing in shaft design and construc- 
tion and coal-mine projections. 


BENJAMIN Bruce SHaw (M. '22) since 
1934 manager of the Georgia Kaolin 
Company, Drybranch, Ga., died on June 
2, 1939, at the age of 53. Mr. Shaw was 
with the Chicago, Rock Island and Pacific 
Railway Company from 1913 to 1922, 
and was chief engineer of the Cuba Rail- 
road from the latter year until 1925. He 
then became sales engineer for the Argyle 
Railway Supply Company, Chicago, and 
later was assistant state engineer for the 
PWA in Illinois 


Atvoystus Statrery (Affiliate 
’36) vice-president of the Hudson River 
Stone Corporation, New York, N.Y., died 
on February 24, 1939. He was 51 Mr. 
Slattery had worked for the U. S. Realty 
and Improvement Company, the Federal 
Shipbuilding Company, the Frederick 
Snare Corporation, and the Interborough 
tapid Transit Company. From 1925 to 
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1938 he was secretary and treasurer of the 
Lyons-Slattery Company, Inc., and coinci- 
dent with this (from 1931 on) he was vice- 
president and general manager of the Hud- 
son River Stone Corporation. 


WaLpo Wape WAGGONER (M. ’23) con- 
sulting engineer of Nevada City, Calif., 
died on May 18, 1939, at the age of 78. 
During the early years of his career Mr. 
Waggoner was engaged in mining engineer- 
ing construction. From 1898 to 1906 he 
was county surveyor of Nevada County, 
California, and later was engineer, suc- 
cessively, for the River Mines Company, 
the Eureka Lake and Yuba Canal Com- 
pany, and the Northern Water and Power 
Company. He served as state debris com- 
missioner and, at one time, was mayor of 
Nevada City. 

RALPH WaTTS WARDWELL (Assoc. M. 
14) assistant engineer in the U. S. Engi- 
neer Office at Providence, R.I., died at 
his home in that city on June 28, 1939. Mr. 
Wardwell, who was 60, had been employed 
by the Colorado Springs Light, Heat and 


The Society welcomes addi- 
tional biographical material to 
supplement these brief notes 
and to be available for use 
in the official memoirs for | 
“Transactions.” 


Power Company, the Atchison, Topeka 
and Santa Fe Railway, and various other 
organizations. During the war he served 
as a captain in the Corps of Engineers, 
U.S. Army. Later, he maintained a con- 
sulting practice, specializing in valuation 
work 


Tripprrrs WEBB (A. o¢ M 
13) purchasing agent for the | prezas 
Electricas Brasileira at Rio de Janeir, 
Brazil, died suddenly in that city >» June 
13, 1939. Mr. Webb, who was 5 Zot his 
early experience working for the city en 
gineer of Providence, R.I., and for variou: 
railroads. Beginning in 1908, he was f, 
some years engineer for the Quarte; 
master at the U. S. Military Academy q 
West Point, N.Y. Later he went to 
Brazil, and he was connected with thy 
Emprezas Electricas Brasileira for a ny 
ber of years before his death. 


AUBREY WEyYMOUTH (M. vic 
president and chief engineer of Post and 
McCord, Inc., of New York, N.Y. dies 
on July 27, 1939, at the age of 66 Mr 
Weymouth had been connected with Poc 
and McCord since 1897. He was mad 
chief engineer in 1907 and vice-presiden; 
in 1930. During his long period of cop 
nection with the company it supplied and 
erected the steel for the Empire Stay, 
Building, the Chrysler Building, and many 
other notable structures in New York 


City 


CHARLES Pore YEATMAN (M. 'S87) 
tired civil engineer of Pasadena, Cali 
died on June 23, 1939, at the age of & 
Most of Mr. Yeatman’s career was spent 
in railroad work in this country and Sout! 
America. He first went to South America 
in 1877 as chief engineer of the Antioquia 
Railway in Colombia. After seven year: 
in this capacity, he returned to railroad 
work in the United States, going again : 
Colombia in 1892. From 1895 te 19 
he was, successively, assistant manager 
and manager of the Barranquilla Railway 
and Pier Company in Colombia. In tl 
latter year he retired 


Changes in Membership Grades 


Additions, Transfers, Reinstatements, and Resignations 


From July 10 to August 9, 1959 


Appitions TO MEMBERSHIP 


AGRAWAL, Prram CHanp (M. '39), Executive 
Engr., Upper Div., Agra Canal, Muttra, United 
Provinces, India 


Berman, Stoney (Jun. Subway Rodman, 
City of Chicago, Dept. of Subway and Traction, 
22 East Huron St. (Res., 1442 South Kedzie 
Ave.), Chicago, Il 


Gene (M. '39), Hydr 
Engr rVA, 3004 Fountain Park Boulevard, 
Knoxville, Tenn 


Leo (Jun. With Public Service 
Gas & Elec. Co. of New Jersey, 200 East 5th St., 
Paterson (Res., 49 East 8th St., Clifton), NJ 


Cuov, Cuen-Lun (M. '39), Director and Engr 
in-Chf., Canton Pear! River Back Reach Impvt 
Bureau of Whampoa Port Development Ad- 
ministration and Canton New Waterworks 
Constr. Bureau, Canton, China 


LeVerne Hitt (Assoc. M. San 
Engr, TVA, 508 Union Bidg., Knoxville, Tenn 


DARMSTARDTER-HeLversen, Feairz Hans Lup- 
wie (Jun. '39), Graduate Heuse, Mass. Inst. 
Tech Cambridge, Mass 


Dinsmore, Burton Fremont (M. ‘'39), 1011 
South Fremont Ave., Alhambra, Calif. 


Dunpar, Crawrorp Kyte (Assoc. M. "39), Asst. 
Constr. Engr., RA, Box 2033, Atlanta, Ga. 


TOTAL MEMBERSHIP AS OF 
AUGUST 9, 1939 
5,672 | 


Associate Members.... . 6,445 


Corporate Members... 12,115 


Honorary Members 28 
Juniors 3,957 
7 
Fellows l 


Emerson, Lewrs Azro (M. '39), Prin. Civ. Engr 
South Carolina Public Service Authonty 
Peoples Bidg., Charleston (Res., 1133 Gles 
wood Rd., Columbia), S.C 

Fresennerser, Etmer (Assoc. M. ‘39) Asst 
Highway Bridge Engr., U. S. Bureau of Publ 
Roads, 907 Main Post Office Bidg. (Res. 
Clear St.), St. Paul, Minn. 

Frintey, Grorce Bucnanan (Assoc. M. 
Dist. Engr., State Highway Dept., Box 4"! 
Corpus Christi, Tex. 

Freeman, Georce Donatp (Jun. ‘39), Junior 
Hydr. Engr., U. S. Dept. of Interior, Geologics 
Survey, 338 Security Mutual Bldg., (Res., -' 
Mozart St.), Binghamton, N.Y 


Gueert, Rowert Prerce (Jun. 39), With U > 
Engrs., Room 219 Post Office, Stockton, (s 


CrossMANnn, Lours Cart (Assoc. M. 39 Asst 
Dist. Engr., Federal Buildings Administre- 
tion, PWA, 1201 Custom House, Boston Mass 


Hart, Epwin A. (Jun. '39), Junior Insp 
PWA, 2923 East 77th St., Chicago. ! 

HANSEN, Vicco (M. '39), Civ. Eng: reared 
phia Elec. Co., 900 Sansom St., 


(Res., 223 Wembly Rd., Upper Darby 
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pert Francis (Jun. '39), Junior 


we TVA, Union Bidg. (Res., 2106 
.dway), Knoxville, Tenn. 

Joun Fernarp, Jr. (Assoc. M. 
~ ~ Chf. Estimator, Dravo Corpora- 
ion, 3 - Island Branch, Pittsburgh (Res., 
ag M Lane, Sewickley), Pa. 

Jr. (Jun. '39), Instrument- 
ee State Highway Dept., Box 386, Level- 
land, Te 
Maxson (Assoc. M. '39), 
Engr. Bureau of Public Roads, 254 
“ystom House (Res., 49 South Clarkson St.), 
Denver lo 
ALFRED Watton (Assoc. M. '39), 
Senior Engr., Soils, State Highway Comm., 2141 
Kansas Ave., Topeka, Kans. 


ves. JAMES Epwarp (Assoc. M. °'39), Supt. of 
onstf Atlantic Refining Co., 260 South 
i St.. Philadelphia (Res., 811 East Darby 


mgt anerch, Upper Darby P.O.), Pa. 
Bates (Assoc. M. '39), Plant Supt., 
Appalachian Elec Power Co., Box 8, Dublin 


Res., 116 Eleventh St., Pulaski), Va. 


Kuss, THEODORE MARTIN (Assoc. M, Chf. 
Ener, Pacific Bridge Co., 333 Kearny St., 
San Francisco, Calif. 


ANDER FRANK TEMPLETON, JR. (Jun. ‘39), 
snior Hydr. Engr., U. S. Geological Survey, 
State Highway Blidg., Austin, Tex. 


wwopoN, LAWRENCE (Assoc. M. '39), 
Secy.. Pacific Flush Tank Co., 4241 Ravens- 
wood Ave., Chicago, Il. 


vive, Epwarp (Jun. °39), With Black & 
Veatch, 4706 Broadway, Kansas City, Mo 
Res, 054 North Parkway Boulevard, Mem- 
phis, Tenn 


wis. TAYLOR Downer (Jun. '39), Traffic Engr., 
Police Dept. (Res., 700 Johnston St.), Gary, 
VacLeop, James Henry (Jun. '39), Senior Eng 
\id. Met. Dist. Water Supply Comm., 4 Walker 
S ‘Res., 201 Lakeside Ave.), Marlboro, Mass. 


McIunkins, Orren Ratngey (Assoc. M. °39), 
Ener. U.S. Engrs., 1068 Navy Bldg., Wash- 
wton, D.C. (Res., George Mason Hotel, 
\lexandria, Va.) 


Minoteton, Ewet Venarp (Assoc. M. '39), Instr. 
in. Civ Eng., Texas Technological Coll. (Res., 
} Kighteenth), Lubbock, Tex 


Moors, Ropert Tuomas (Assoc. M. °39), Asst. 
Div. Ener., Great Lakes Dredge & Dock Co., 
1100 Morgan Bidg., Buffalo, N.Y. 


Mutter, Prep Apotr (Jun. Junior Engr., 
Anchor Buildings, Inc., 1433 Thirty-Eighth 
St. (Res, 60-12 Seventieth Ave.), Brooklyn, 


Merpny, GerarRD JOSEPH 674 
Seventy-Eighth St., Brooklyn, N.Y. 


‘exson, Epwin Paut (Assoc. M. '39), With 
Buffalo Sewer Authority (Res., 734 Tacoma 
Ave.), Buffalo, N.Y. 


Norrie, Kennet Peter (Jun. 38), 408 Lake- 
side South, Seattle, Wash 


eERKINS, CALVIN (Assoc. M. '39), Asst. 
Prof., Civ. Eng., Oklahoma Agri. and Mech 
Coll., Stillwater, Okla 


eTeRKA, ALVIN Josepn (Jun. '39), Junior Hydr. 
Engr., TVA, Box 422, Norris, Tenn. 


Georce Dwicat (Assoc. M. ’39), 
onstr. Engr., B. Perini & Sons, Inc., Lacka- 
wack (Res., Sundown), N.Y 


Irvinc (Jun. '39), Insp., Ash-Howard- 
‘eedles & Tammen, West Wildwood (Res., 120 
West Tu mper Ave., Wildwood), N.J. 


epek, Kenneta Apranam (M. °39), Struc- 
tural Engr vuthern California Edison Co., 
601 West 5th St., Los Angeles (Res., 1860 
Meadowbrook Rd., Altadena), Calif. 


SUNYON, FRepeRiIcK Oscar (M. '39), Cons. Engr. 
Sunyon & Carey), 33 Fulton St., Newark 
26 Hickory Drive, Maplewood), N.J. 

SAUER, RICHARD aaa (Jun. '39), Engr., Div. of 

vrazing, DG. 120, Winnemucca, Nev. 

AWELI Lacy Weppincton (Assoc. M. 

t re Engr, Luke Seawell, 152 Nassau St., 

\tlanta, Ga 


GARLAND Ferp (Assoc. M. Office 


Road Supply and Metal Co., 

ans 

(Jun. '39), Senior Eng. 

= ari Dept., State Div. of Highways, 
199 ramento (Res., 2634 North Mc- 


alif 
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Stoan, Garrett (Jun. '39), 180 Lenox Rd., 


Brooklyn, N.Y 


Smits, Herpert Evcene, Jr. (Assoc. M. °39), 
Asst. Civ. Engr., City of Cleveland, City Hall 
(Res., 10507 Lake Ave., Apartment 406), 
Cleveland, Ohio. 


SPARLING, RaymMonp CarTerR (Jun. '39), Pacific 
Coast Sales Mgr., R. W. Sparling, 945 North 
Main, Los Angeles (Res., 941 East Beverly 
Drive, San Gabriel), Calif. 


Stratus, Peter (Assoc. M. '39), Asst 
Structural Engr., Bureau of Chemistry and 
Eng., U. S. Dept. of Agriculture (Res., 3905 

Davis Pi., N.W.), Washington, D.C. 


Sreacy, Ropert Evans "39), 2440 Amster- 
dam Ave., New York, N.Y. 


Tousy, Harry (Jun. '39), With the Geo. D 
Auchter Co., 2016 East Adams St., Jacksonville, 
Fla. 


TURNBULL, JonnN MacNer (Assoc. M. ‘'39), 
Asst. Engr., Hume Pipe Co. (Australia) Ltd 
(Res., 2 Howitt St.), Camberwell 5S.E.6, 
Victoria, Australia. 


TurRnNipseep, (Assoc. M. °39), Asst. 
Office Bridge Engr., State Highway Comm., 
Masonic Temple (Res., 2832 Michigan), 
Topeka, Kans. 


VARNEY, Forrest FRANKLIN (Assoc. M. '39), 
Asst. Engr., U. S. Engrs., 418 Patterson Bldg., 
Fresno, Calif. 


Wacker, HARLEY REGINALD (Jun. '39), Engr., 
Lubbock Stee! Works, Box 1493 (Res., 2017 
Fourteenth St.), Lubbock, Tex. 


WALTERS, SAMUEL FRANKLIN (Assoc. M. '39), 
Res. Engr., State Highway Comm., 1345 North 
East 59th Ave., Portland, Ore. 


WriuiaMs, Jesse Evcene (Assoc. M. '39), High- 
way Engr., U. S. Bureau of Public Roads, 254 
Custom House (Res., 330 South Downing St.), 
Denver, Colo 


Wotrre, Dewrrt CiinTon (Assoc. M. '39), Branch 
Mer., Sverdrup & Parcel, 1109 Transamerica 
Bidg., Los Angeles, Calif. 


Wortey, Hersert Everette (Jun. '39), Asst. 
Engr., State Highway Comm., 2141 Kansas 
Ave., Topeka, Kans. 


Zope, WiLtiAM ALEXANDER (Assoc. M. '39), 
Asst. Structural Engr., TVA, Highway and 
Railroad Div., James Bidg., Chattanooga, 
Tenn. 


MEMBERSHIP TRANSFERS 


AMMANN, WERNER (Jun. “30; Assoc. M. '39), 
Designer, Bethlehem Steel Co., Fabricated 
Steel Constr., 701 East 3d St. (Res., 1018 
Raymond Ave.), Bethlehem, Pa. 


BRADLEY, STEPHEN Rowe, JR. (Jun. '31; Assoc. 

M. 39), Asst. Treas., Central Hudson Gas & 
Elec. Corporation, South Rd., Poughkeepsie, 
N.Y. 


BUHLER, FRED (Jun. '30; Assoc. M. 
39), Surv., L. A. Boyd Arctic Expedition, Am 
Geographical Society, Broadway at 156th St., 
New York (Res., 200-15 One Hundredth Ave., 
Hollis), N.Y. 

Gorpon HusBert, Sr. (Assoc. M. ‘20; 

39), Pres., Polaris Concrete Products Co., 
Dox 86, West Duluth, Minn. 


CLARK, Joun ALFRED (Jun. 30; Assoc. M. '39), 
Associate San. Engr., FSA, U. S. Dept. of 
Agriculture, 85 Second St., Room 401, San 
Francisco (Res., 2644 Dwight Way, Berkeley) 
Calif. 

EpLuND, LAWRENCE LINNE (Assoc. M. ‘23; M 
°39), Engr. of Design, Armour & Co., Union 
Stock Yards (Res., 220 Langley Ave.), 
Chicago, Ill. 


FAIRBAIRN, JOHN Morrice Rocer (M.'13; Hon 
M. '39), 1939 St. Luke St., Montreal, Canada. 


Fioras, Curistos Lazare (Jun. "32; Assoc. M 
38), Prof. of San Eng., State School of Hygiene, 
5 Lefcossias St., Athens, Greece. 


HANAVAN, Lawrence (Jun. ‘04; 
Assoc. M. '10; M. '39), Asst. Engr. Designer, 
Board of Water Supply, 346 Broadway, Room 
1224, New York, N. 


Hanson, THomas Cooper (Jun. 36; Assoc. M. 
'39), Asst. Prof., Civ. Eng., Univ. of Detroit, 
Detroit, Mich. 


Harvey, Avcrrep Larrp (Assoc. M. '31; M.'39), 
Asst. Engr., Tyne Impvt. Comm., Engr's. 
Office, Bewick St., Newcastle upon Tyne 2, 
England. 


Howe, Joun Epwarp (Jun. '28; Assoc. M. '39), 
Architectural and Equipment Draftsman, East 
man Kodak Co., Kodak Park, Rochester (Res., 
76 Valley View Rd., Irondequoit), N.Y. 


Hunt Loren Witson (Jun. Assoc. M. '39), 
Senior Insp. of Constr., U. S. N., Bureau of 
Yards and Docks, Naval Air Station, Alameda 
(Res., 2625 Ridge Rd., Berkeley), Calif. 


Larce, Grorce E.wyn (Assoc. M. M. '39), 
Associate Prof., Civ. Eng., Ohio State Univ. 
(Res., 2201 Yorkshire Rd.), Columbus, Ohio 


Lenz, ARNO Tuomas (Jun. Assoc. M. '39), 
Asst. Prof., Hydr. and San. Eng., Univ. of 
Wisconsin, Hydr. Laboratory, Univ. of Wis- 
consin (Res., Shorewood Hills), Madison, Wis. 


Jonn Gustav (Assoc. M. '30; 
Cons. 726 Jackson Pl., N. W., Washine: 
ton, D.C 


Mavuzy, Harris Kenneta (Jun. "32; Assoc. M 
39), Asst. Highway Engr., State Div. of High- 
ways, Bridge Dept., Box 470, Turlock, Calif. 


Meapowcrort, Farrmurst (Jun. ‘33; 
Assoc. M. '39), Asst. Hydr. Engr., U. S. Forest 
Service, Phelan Bldg., San Francisco (Res., 151 
Oakdale Ave., Mill Valley), Calif. 


Mone, Henry Artuur (Assoc. M. '23; M. '39), 
1865 Beacon St., Wahan, Mass. 


RaAatz, WALTER ARTHUR (Jun. Assoc. M 
'39), Asst. Engr., Galveston Wharf Co, 
Galveston, Tex. 


Ripceway, GeorGce ALLEN (Assoc. M. '15; M 
39), Senior Engr., State Highway Dept., 
Jefferson City, Mo 


Rirey, Darrevt (Jun. Assoc. M 
°39), Senior Eng. Aid, State Dept. of Public 
Works, Div. of Eng., 301 East Water St., 
Syracuse (Res., Richland), N.Y. 


SANDBERG, CLIFFORD Heimer (Assoc. M. ‘32; 
M. '39), Asst. Engr., Bridge Dept., A. T. & S 
F. Ry., Railway Exchange Bidg. (Res., 7610 
Eastlake Terrace), Chicago, III. 


Semon, Epwarp Goopricu (Assoc. M. '20; M 
‘39), Structural Engr., Gen. Elec. Co., Constr 
Eng. Dept., Schenectady, N.Y. 


SPERLING, Joun (Jun. '31; Assoc. M. 
'39), With U. S. Engrs. Office, Post Office Bldg 
(Res., 4141 West Cullom), Chicago, III. 


StrepHens, (Jun.’17; Assoc. M.’21; M.'39), 
Associate Regional Engr., PWA, 803 Electric 
Bldg. (Res., 2544 Wabash Ave.), Fort Worth, 
Tex, 

Stern, Georce (Jun. Assoc. M 
°39), Office Engr., Inspection Div., FSA (Res., 
1740 Euclid St., N.W., Apartment 7), Wash- 
ington, D.C. 

Sweet, CHartes LATHAM (Jun. '28; Assoc. M. 
39), Res. Engr., State Div. of Highways, 
Bridge Dept., Box 1499, Sacramento, Calif. 

Tuomson, Harry FREEMAN (Assoc. M. '28; M 
'39), Vice-Pres., Gen. Material Co., 605 Buder 
Bidg., St. Louis, Mo. 

Van Liew, Roscos Emerson (Jun. Assoc. 
M. °39), Associate Engr., U. S. Bureau of Rec- 
lamation, 339 Federal Bldg. (Res., 1717 South 
5th East), Salt Lake City, Utah. 


WaLpron, Hesper GRAFENSTEIN (Jun. '34; Assoc 
M. °39), Res. Engr., State Highway Dept., 
Valley City, N.Dak. 


REINSTATEMENTS 

Bett, Mace Hupson, Jr., Jun., reinstated July 
17, 1939. 

Bossen, Lestre Epwin, Jun., reinstated July 10, 
1939. 

EvLam, Epwin Essex, Assoc. M., reinstated July 
21, 1939. 

Gip_ow, Jun., reinstated Aug. 9, 1939 

Govutp, Maurice Avucustus, Assoc. M., rein- 
stated July 31, 1939. 


LAGAARD, Maurice BerRNHART, M., reinstated 
July 17, 1939. 

Noretivus, Lewrs Maonus, M., reinstated Aug. 
7, 1939. 

Rocers, Atva Lewis, Assoc. M., reinstated Aug. 
2, 1939. 

Scott, Donatp Cozrne, Assoc. M., reinstated 
July 10, 1939. 

Wooprovcs, Kenpat Atpricu, Assoc. M., 
reinstated July 17, 1939 


RESIGNATIONS 


BELSTERLING, RicHaRD GorDON, Jun., resigned 
July 6, 1939. 


DvuBors, Greorce Bacue, M., resigned Aug. 3, 
1939. 


Jongs, Epwin Atrrep, Jun., resigned July 7 
1939 
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Applications for Admission or Transfer 


Condensed Records to Facilitate Comment from Members to Board of Direction 


September 1, 1959 


The Constitution provides that the Board of Direction shall elect or 


reject all applicants for admission or for 


determine justly the eligibility of each candidate, the Board must 


depend largely upon the 
membership for information 

kvery member is ureoed. 
therefore, to scan carefully Grape 


the list of candidates pub 


transfer In order to 


GENERAL REQUIREMEN! 


Qualified to design as well as 


MINIMUM REQUIREMENTS FOR ADMISSION 


LeNGTR OF 


AGE ACTIV® 


PRACTICE 


lished each month in Civit Member to direct important work BS years 12 years 
ENGINEERING and fo furnish 

Associate Qualified to direct work 27 years 8 years 
the Board with data which Member y 
may aid in determining the 

‘ Junior Qualified for sub- professional 20 years 4. years 
eligibility of any applicant. 

/t is especially urged that Qualified by scientific acquire- 
Affiliate ments or practical experience 35 years 12 years 


a definite recommendation as 
to the proper grading be 


gwen in each case, inasmuch 


* In the following list RCA (responsible charge 
years of responsible charge of work as principal or subordinate, and RCM (responsible 
charge Member standard) denotes years of responsible charge of IMPORTANT work, 


to cooperate with engineers 


as the grading musthe based i. e., work of considerable magnitude or considerable complexity 


APPLYING FOR MEMBER 


Arinswortn, Cutver Martin, El Paso, Tex 
(Age 50) (Claims RCA 7.0 RCM 14.5) 1927 
to date Engr., International Boundary Comm 
United States and Mexico, on surveys and 
construction of boundary projects 


BurnnamM, "WaLterR Curnton (Assoc M.), 
Oklahoma City, Okla. (Age 51) (Claims RCA 
5.8 RCM 18.9) May 1935 to Aug. 1938 Engr 
Oklahoma Conservation Comm.; previously 
with CWA-FERA, Medicine Park, Okla., as 
Supt. on dam and road work and then Superv 
Ener. in 20 southwestern counties 


Carter, Isaac Newton (Assoc. M.), Moscow 
Idaho. (Age 48) (Claims RCA 1.0 RCM 6.3) 
Sept. 1923 to date with Univ. of Idaho as 
Student Instructor, Instructor, Asst. Prof. of 
Civ. Eng., and (since Sept. 1934) Associate 
Prof. of Civ. Eng 


FLANAGAN Epwarp, Washington, 
D.¢ Age 53) (Claims RCA 0.0 RCM 20.5) 
1934 to date Engr. Inspector being Senior Engr 
PWA, Boston, Mass. (1 year), and Supervising 
Constr. Engr. in charge of dam construction 
plant layout and design, U. S. Govt., Dept. of 
Agriculture 


Frmpricn, Lawrence Max, Toledo, Ohio (Age 
+8) (Claims RC 7.7 D 6.7) Sept. 1937 to date at 
t'niv. of Toledo as Instructor in, and (at pres 
ent) Asst. Prof. of Civ. Eng.; previously with 
W. H. Friedrich, Contr. on construction of 
concrete roads, pavements, bridges, grade 
separations, etc 


Frost, Lroyvp Garner (Assoc. M.), New Orleans, 
la. (Age 45) (Claims RCA 4.0 RCM 8.8) Feb 
1938 to date Director, Louisiana Geodetic 
Survey previously Cons. Engr., Monroe, 
La: with FERA and WPA as Parish Engr., 
and Dist. Engr 


Gaovy, Joun Wriuttram, Lake Charles, La. (Age 
4) (Claims RCA 0.0 RCM 16.6) March 1939 
to date Engr. and Contr April to June 1934 
and April 1936 to March 1939 estimating 
drafting, buying, also Traveling Supt. and 
Director of Personnel with A. Farnell Blair and 
H. M. Knapp, Contrs.; in the interim Res 
Engr. Inspector, PWA, Arkansas 


Harnswortn, Bruce ALEXANDER, Houston, Tex 
Age 43 Claims RCA 5.0 RCM 9.6) April 
1928 to June 1932 Designing Engr., being 
Structural Designer, and June 1938 to date 
Project Engr The H. K. Ferguson Co 
Cleveland, Ohio; in the interim Chf. Engr 
The Sharpless Solvents Corporation, Wyan 
dotte, Mich 4 


HANNING, Cosine (Assoc. M.), Brooklyn 
N.Y Age 38) (Claims RC 14.6 D 2.7) Jan 
1939 to date Acting Chf. Engr., Borough of 
Queens, also at various times Acting Borough 
Supt previously Asst. Engr., Bureau of 
Bidgs. (Dept. of Housing and Bidgs., Div. of 
Bidgs Borough of Manhattan 

HemMMERT Joun Sacramento, Calif 
(Age 43) (Claims RCA 6.5 RCM 3.8) April 
1930 to date with California Div. of Highways 
a Asst Physical Testing Engr Associate 


Physical Testing Engr., and (since July 1938) 
Senior Physical Testing Engr 


Hopson, Rosert Kirkwood, Mo 
(Age 49) (Claims RCA 4.7 RCM 21.9) Oct. 
1921 to date with Missouri State Highway 
Dept., Jefferson City, Mo., as Project Engr., 
acting as Res. Engr., and (since July 1922) 
Div. Engr. 


Houser, Frovpy Lester, Los Angeles, Calif 
(Age 49) (Claims RCA 4.0 RCM 23.1) Jan 
1939 to date with WPA; Jan. 1921 to Jan 
1939 with F. L. Holser & Co., Engrs. & Contrs., 
on construction of Union Pacific Freight Depot 
at Los Angeles, various small buildings and 
bridges, etc 


Jones, Wrisourne Ocre (Assoc. M.), Fort 
Worth, Tex. (Age 42) (Claims RCA 9.3 RCM 
10.3) May 1921 to Aug. 1937 First Asst. to 
City Engr. and Aug. 1937 to date City Engr., 
Fort Worth 


Miter, Josern Apert (Assoc. M.), New Or- 
leans, La. (Age 35) (Claims RC 12.3 D 12.3) 
Sept. 1933 to date Structural Engr., Wood- 
ward-Wight Co.; previously with Truscon 
Steel Co 


James Epcar (Assoc. M.), Chatta 
nooga, Tenn. (Age 47) (Claims RC 22.1 D 8.5) 
July 1935 to date with TVA, Knoxville and 
Chattanooga, as Asst. Engr. and Administra- 
tive Officer, Materials Dept., Highway Engr., 
Senior Highway Engr. and Asst. Head, High- 
way and Railroad Div., and (since June 1939) 
Prin. Highway Engr.; previously with Ten- 
nessee State Highway Dept. as Asst. Engr 
(2 years), Div. Engr. (over 7 years), Constr 
Engr. (over 1 year), and Engr. of Designs (6 
years) 


Murray, Ray (Assoc. M.), Moylan, Pa. (Age 
63) (Claims RCA 18.2 RCM 17.1!) July 1934 
to date Contr. Engr. on railroad bridge work 


Paterson, Joun Lamp (Assoc. M.), Shanghai, 
China. (Age 38) (Claims RCA 3.0 RCM 8.0) 
1934 to date with Palmer & Turner, Archts. & 
Civ. Engrs., since 1937 as member of firm 


PaTTerson, Artuur Prupen, Madison, Wis. 
(Age 45) (Claims RCA 0.0 RCM 17.2) Aug 
1935 to date State Director of Operations, 
WPA, Federal Gevt., Administrative and 
Technical Head of Div. in charge of all con 
struction in Wisconsin; previously Dist 
Engr., Wisconsin ERA 


Powe.t, Fay Epwtn (Assoc. M.), Balboa, Canal 
Zone. (Age 53) (Claims RCA 12.1 RCM 9.5) 
1929 to Dec. 1934 Asst. Constr. Q.M., and 
Dec. 1934 to date Constr. Q.M., the Panama 
Canal 

Seawett, Vorney Ricuarp, Los Angeles, Calif 
(Age 55) (Claims RCA 5.7 RCM 21.9) Oct 
1938 to date with PWA as Res. Engr. Inspector 
on school buildings, and (since March 1939) 
Director, Div. of Operations; previously 
Senior Project Engr., Chf. of Inspection Sec., 
Zone Engr. and Mgr., Project Control Dept., 
WPA, private work with E. C. Taylor investi- 
gating manufacturing and mining properties, 


58 


Associate Member standard) denotes 


NUMBER 9 


upon the opinions of those who know the applicant perconally as 
well as upon the nature and extent of his professional cx perience 
Any facts derogatory to the personal character or Professional 


reputation of an applicant 
should be promptly commu. 
nicated to the Board. 


Communications relating 


RESPONSIBLE 
CHARGE OF 


Work 

elie to appl ants are considered 

RCM* strictly confidential 

The Board of Divection 

RCA* will not consider the appli- 
cations herein contained from 
residents of North America 

& venss until the expiration of 30 


RCM* days, and from non-residents 
of North America until the 
expiration of 90 days from 
the date of this list, 


Bldg. Inspector, Board of Education, Los 
Angeles, Calif 


Paut (Assoc. M_) Washington 
D.C. (Age 38) (Claims RC 6.2 D 2.2) Aug 
1924 to date with U. S. Coast and Geodetic 
Survey as Jun. Engr., Observer, Jun. Hydro 
graphic, and Geodetic Engr., Asst. to Chi. of 
Sec. of field work, and (since May 1938) 
Hydrographic and Geodetic Engr 


TyLer, Ivan Lovuts (Assoc. M.), Harrisburg 
Pa. (Age 41) (Claims RCA 48 RCM 73 
1939 to date Concrete and Materials Engr 
Pennsylvania Turnpike Comm.; previously 
Material Engr., TVA, Knoxville, Tenn i 


VermiI_yA, FLoyp DuRLAND, Chicago, Ill, (Age 
36) (Claims RCA 3.1 RCM 7.0) April 1936 to 
date with WPA as Dist. Materials Engr 
Area Supervisor of Operations, Kane County 
and (since April 1938) Field Engr., responsible 
for field operations for all buildings and struc- 
tures in Dist. No. 2; previously with American 
Steel and Wire Co., on valuation of plant and 
machinery of DeKalb, IIl., plant 


Wou.re FLANAGAN, Henry (Assoc. M) 
London, England. (Age 57) (Claims RCA 59 
RCM 16.2) 1938 to date Civ. Engr., and Res 
Engr., H. M. Office of Work, secret work in 
connection with re-armament; previously 
Cons. Engr., on preliminaries of small water 
supply schemes; reconstruction of Islington 
(London) Metropolitan Borough Council re 
fuse-disposal depot. 


APPLYING FOR ASSOCIATE 
MEMBER 


ANDERSON, WeNpDELL Drummonp, Griffin, Ga 
(Age 42) (Claims RCA 10.3 RCM 0.0) Sept 
1937 to date Eng. Representative, Southern 
Vitrified Pipe Association, having full respons 
bility in engineering field; previously Senior 
and Constr. Foreman, National Park Service 
Inspector of bridges, Iowa State Highway 
Comm 


Bates, Wittram Howarp (Junior), Statesboro 
Ga. (Age 31) (Claims RC 3.5) Jan. to July 1996 
Asst. Dist. Supervisor, and Feb. 1937 to date 
Dist. Supervisor, U. S. Public Health Service, 08 
promotion and supervision of sanitary engimeet 
ing and malaria control work; in the mtenm 
2d Lieut., 452d Engrs., U. S. Army, Dist. A 
CCC, Fort Bragg, N.C.; previously Inspector 
Georgia State Highway Dept., Atlanta, Ga 
on construction supervision and location. 


Bousnorr, Nicwovas, Lima, Peru. (Age 4 
(Claims RCA 3.2 RCM 0.0) March 1998 
date in charge of design of Arequipa Hospit= 
Caja Nacional de Seguro Social of Peru 
Nov. 1929 to Nov. 1930 Designing Engr 
Nov. 1937 to March 1939 Chf. Engr. with Pred 
T. Ley & Co. 


Boutpen, Foarp, Austin, Tex (Age 39) 
(Claims RCA 15.2 RCM 0.0) June 193% , 
date Civ. Engr., R. R. Comm. of Texas ig? 
senting Comm. as Engr. in dealings =" 
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